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2.1. Purpose
The focus of this project is on the calculation and design of a pure electric 
propulsion system, which shall be used in a passenger vessel. To achieve this goal, it 
will be necessary a complete study of the whole electric system, from the lighting to the 
machinery, including ventilation, design of the blueprints, etc.
Within this project, several proposals regarding the final result will be taking 
into account, including the electrical system arrangement and machinery selection, 
eventually choosing the solution that assures the greatest performance and the lower 
polluting results.
It will be brought to the Competent Bodies that the study we are doing gathers 
the conditions and safeguards required, in order to obtain the Administrative Approval 
and Performance Approval, as well as to be used in the performance of the project.
2.2. Scope
The scope is based on the calculation and design of a pure electric propulsion 
system. Additional matters will be required in a lower level in order to obtain the final 
result. We can also find researches on the following areas:
• Electric power load calculations.
• Calculation and selection of energy efficient interior lighting.
• Sizing of the battery banks needed for supply the main propulsion.
• Calculation of the power conversion equipment, specially for the batteries and 
the supply of the 24 Vdc system at the Bridge.
• Calculation of the ventilation system at the Engine Room.
• Design of the one-line diagram of the electrical system.
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2.3. Backgrounds
The development of technology based on battery and hybrid systems is helping 
the maritime industry overcome the challenges of emission regulations and efficiency 
maximization. But battery technology is also helping to address more stringent 
emissions regulations, with recent technological developments leading to an 
increasingly efficient alternative to traditional power sources. Nevertheless, battery 
systems are currently being used in shipping as an auxiliary or short term power source.
Electric and hybrid systems with energy storage in Li-ion batteries may provide 
significant reductions in costs of fuel, emissions and maintenance, as well as improved 
responsiveness, regularity and safety.
Thus, this document is focused on the operation of a light ship, double hull 
passenger ferry. The main characteristics of the vessel are: 24 m length and 7 m beam, 
having room for 100 people. Besides, it has two decks, the upper one for passengers and
crew and the lower one for the machinery. 
In order to achieve a free emission, energy efficient operation, the propulsion is 
designed to be completely electrical, using battery banks instead of diesel generators. 
Thus, it shall be necessary to calculate their performance in order to assure the required 
autonomy -operational time without recharging the batteries-. Once that the total power 
consumption of the vessel has been calculated, the battery banks will be sized according
to a proper independence time of performance.
The vessel shall include shore connections, sized to charge the battery banks in 
the desired time to maintain the operational profile of the vessel.  
The electrical system is composed of 230 Vac and 24 Vdc networks, fully 
compliant with the requirements of the IEC and classification society rules. Moreover, 
the motors shall need a specific voltage in order to make them work. This voltage will 
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be set once that the motors are selected. As it can be checked further, they will require a 
144 Vdc connection. Besides, due to the use of battery banks, a couple (one for each 
hull) of power inverters must be sized for an adequate voltage level in order to 
implement a correct voltage transformation.
 In order to reach these requirements, the vessel shall be composed of two 
independent electrical system, which shall be connected to one another in order to 
supply the other one during emergency situations. Each electrical system shall be 
composed of batteries, a motor, the necessary voltage converters and AC/DC 
switchboards to be placed on each hull. Both systems shall be interconnected so if a 
failure happens in one of them, the other one may be able to assure the supply in the 
emergency required by rules equipment. Moreover, the Bridge switchboards (230 Vac 
and 24 Vdc) will be supplied from an two position selector switch, which will allow us 
to choose which electrical system is the supplier. 
In order to obtain some of the calculations required, several softwares shall be 
used. Referring to the lighting calculations, the Dialux software shall be used so as to 
obtain the number of lighting devices as well as the proper values of luminance. 
AutoCad will be used as well, in order to create all the required blueprints. Within the 
ventilation calculation, we will use the SODECA software in order to calculate the fans 
required. 
In conclusion, advances in battery technology and energy management 
capability have rightly seen increasing interest in battery and hybrid power in the 
maritime industry. This project aims to help saving fuel and increasing efficiency, while 
reducing emissions. Moreover, battery installations also give significant reductions in 
noise and vibration compared to traditional fuel-based power systems.
2.4. Standards and benchmarks
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2.4.1. Standards and regulations applied
This project gathers the characteristics of the materials, the calculations that 
justifies their performance and the way of perform to do, complying the followings 
rules:
- Electrical Installation:
• “Lighting of indoor workplaces” EN-12464-1 (June 2011) 
• “Lighting of outdoor workplaces” EN-12464-2 (October 2007) 
• “Electrical Installations” DNV – Rules for classification of Ships/High 
Speed, Light Craft and Naval Surface Craft, Part 4 Chapter 8  (July 2013)
• “Electrical installations in ships Part 303: Equipment — Transformers for 
power and lighting” IEC 60092-303 (January 1980)
• “Power transformers - Part 1: General” IEC 60076 (January 2011)
• “Low-voltage switchgear and control-gear assemblies – Part 1: Type-tested 
and partially type-tested assemblies” UNE-EN 60439-1 (October 2001)
- Security and health:
• “Nautical Safety”  DNV – Rules for classification of Ships/High Speed, 
Light Craft and Naval Surface Craft, Part 6 Chapter 8 (July 2011)
- Other rules:
• “General criteria for the drawing-up of the documents which make up a 
technical project” UNE 157001:2014 (June 2014)
• OFFSHORE STANDARD DNV-OS-D101“Marine and Machinery Systems 
and Equipment” DNV (October 2012)
• “Shipbuilding. Engine-room ventilation in diesel-engined ships. Design 
requirements and basis of calculations” UNE-EN ISO 8861 (January 1999)
• “Air-conditioning and ventilation of machinery control-rooms on board ships
- Design conditions and basis of calculations” UNE-EN ISO 8862 (1987)
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• “Rules for Classification and Construction. Ventilation.” DNV (July 2014)
• ISO/DIS 16315.3 – “Small craft — Electric propulsion system” (2014)
2.4.2. Software and design tools
The following softwares and design tools have been used in order to fulfil some 
of the tasks required during the project:
• AutoCAD 2012: Blueprint designs.
• Open Office 3.3 Writer, Calc and Impress: Drafting of the project and 
calculations, as well as the PowerPoint presentation.
• Dialux 4.12: Lighting calculations.
• SODECA QuickFan 1.7: Fan selector.
• Adobe Photoshop CS6: Figure editing.
2.4.3. Quality management plan
During the setting up of this project the rule UNE 157001 has been applied into 
the Elaboration Judgement of projects. Thus, the structure of every section has been 
based on the requirements set by this rule. The contents of every document have been 
checked in order to confirm that everything is found on the blueprints, measures and 
budgets.
A quality management plan will be applied in order to avoid mistakes during the 
setting up of this project. The method will use the contrast between data from beginning
to end.
2.4.4. Bibliography
The following books and documents have been consulted:
• ZUMTOBEL – “The Lighting Handbook” 4th edition (October 2013)
• Naval Sea Systems Command – “Electric power load analysis (EPLA) for 
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surface ships” DDS 310-1 REV 1 (September 2012)
• Shipboard Propulsion, Power Electronics, and Ocean Energy –  Mukund R. 
Patel, CRC Press –  Taylor & Francis Group (2012)
• Shipboard Electrical Power Systems –  Mukund R. Patel, CRC Press – Taylor & 
Francis Group (2012)
• Schneider Electric –  “Calculation of short-circuit currents” (September 2005)
• ABB –  “Circuit-breakers for direct current applications” (September 2007)
• DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014)
2.4.5. Other references
• Modeling and Simulation of Electric Ships’ Power System Components and 
their Interaction - A. Ouroua, J.R. Jackson, J.H. Beno, R.C. Thompson, and E. 
Schroeder (Center for Electromechanics, The University of Texas at Austin)
2.5. Definitions and abbreviations
In this section will be gathered every term and abbreviation that will appear 
within this project. In order to make them clear and understandable, they will be 
explained hereafter.
2.5.1. Definitions 
These are the terms that will be used on the develop of this project:1 2 3 4 5 6 7 8
1 DNV Offshore Standard, Ch.1 Sec.1 – Page 12 (October 2012)
2 DNV - Electrical Installations, Pt.4 Ch.8 Sec.13 – Page 121 (July 2013)
3 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 32 (July 2013)
4 DNV - Rules for Ships, Pt.4 Ch.1 Sec.1 – Page 7 (January 2013)
5 ISO 8861 – “Shipbuilding — Engine-room ventilation in diesel-engined ships” (May 1998)
6 ISO/DIS 16315.3 – “Small craft — Electric propulsion system” (2014)
7 Naval Sea Systems Command “Electric power load analysis (EPLA) for surface ships” DDS 310-1 
REV 1 (September 2012)
8 DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014)
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• Active components: Are components for mechanical transfer of energy, e.g. 
pumps, fans, electric motors, generators, combustion engines and turbines. Heat 
exchangers, boilers, transformers, switchgear or cables are not considered to be 
active components.
• Battery bank: Mechanical assembly comprising battery cells and retaining 
frames or trays and possibly components for battery management.
◦ Cell: Smallest electro chemical unit.
◦ Module: Assembly of cells including some level of electronic control.
◦ Sub-pack: Assembly of 1 or more modules. The smallest unit that can be 
electrically isolated.
◦ String: Smallest unit in a battery system with same voltage level as the 
battery system (e.g. serial connected cells, modules or sub-packs).
◦ Battery pack: One or more Sub-Packs that can work for the intended 
purpose as a standalone unit.
◦ Battery system: One or more battery packs including all required systems 
for the intended purpose.
◦ Battery space: Physical installation room including walls, floor, ceiling, and
all functions and components which contribute to keep the battery system in 
the defined space at a specified set of environmental conditions (e.g. 
temperature or moisture level)
• Conductor: A conductor is a part of a construction or circuit designed for 
transmission of electric current.
• Continuity of supply: Is the condition for which during and after a fault in a 
circuit, the supply to the healthy circuits is permanently ensured.
• Continuity of service: Is the condition for which after a fault in a circuit has 
been cleared, the supply to the healthy circuits is re-established.
• Emergency services: Emergency services are those services that are essential 
for safety in an emergency condition.
• Emergency source of electrical power: An emergency source of electrical 
power is a source intended to supply the emergency switchboard and/or 
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equipment for emergency services in the event of failure of the supply from the 
main source of electrical power.
• Emergency switchboard: An emergency switchboard is a switchboard, which 
in the event of failure of the main electrical power supply system, is directly 
supplied by the emergency source of electrical power and/or the transitional 
source of emergency power and is intended to distribute electrical energy to the 
emergency power consumers.
• Engine room: This is the space containing propulsion machinery and machinery
for generation of electrical power. Rooms within or adjacent to the engine room 
with visual contact with the machinery are considered to be part of the engine 
room.
• Essential services: Essential (primary essential) services are those services that 
need to be in continuous operation for maintaining the vessel’s manoeuvrability 
in regard to propulsion and steering. Additional class notations may extend the 
term essential services. Such extensions, if any, can be found in the relevant rule 
chapters.
• Hazardous area: A hazardous area is an area (zones and spaces) containing a 
source of hazard and or in which explosive gas and air mixture exists, or may 
normally be expected to be present in quantities such as to require special 
precautions for the construction and use of electrical equipment and machinery.
▪ Zone 0: It is an explosive atmosphere consisting of a mixture of air and 
flammable substances in state of gas, vapour or mist, that it is expected 
to be presented always or for long period of time.
▪ Zone 1: It is an explosive atmosphere consisting of a mixture of air and 
flammable substances in state of gas, vapour or mist, that it is expected 
to be present periodically or occasionally during normal operation.
▪ Zone 2: It is an explosive atmosphere consisting of a mixture of air and 
flammable substances in state it is present, vapour or mist, that it is not 
expected to be present during normal operation or for short periods of 
time.
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• Load factor: For a given load, the ratio of the operating load to the connected 
load.
• Machinery Room: Room in which major items of equipment are installed. The 
term is used instead of Machinery Space on installations which are non-self 
propelled or fixed. 
• Machinery spaces: All machinery spaces of category A and all other spaces 
containing propulsion machinery, boilers, oil fuel units, steam and internal 
combustion engines, generators and major electrical machinery, oil filling 
stations, refrigerating, stabilizing, ventilation and air conditioning machinery, 
and similar spaces, and trunks to such spaces.
• Machinery spaces of category A: Are those spaces and trunks to such spaces 
which contain:
◦ Internal combustion machinery used for main propulsion; or
◦ Internal combustion machinery used for purposes other than main propulsion
where such machinery has in the aggregate a total power output of not less 
than 375 kW; or
◦ Any oil-fired boiler or oil fuel unit.
• Main source of electrical power: A main source of electrical power is a source 
intended to supply electrical power to the main switchboard(s) for distribution to
all services necessary for maintaining the vessel in normal operational and 
habitable conditions.
• Main switchboard: A main switchboard is a switchboard directly supplied by 
the main source of electrical power or power transformer and intended to 
distribute electrical energy to the vessel’s services.
• Operating load: For a given ambient condition and operating condition, the 
operating load represents a load’s demand for power (kW). In 24-hour average 
load calculations, the operating load corresponds to the long-term average. For 
ship demand power calculations and zonal demand power calculations, the 
operating load may be somewhat greater than the average value to ensure 
equipment is sized properly to accommodate variance of the load around the 
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average value for extended periods of time. Operating load does not include 
instantaneous power surges which are caused by starting large motors or short 
duration peak loads.
• Passenger ship: A ship which carries more than 12 passengers. Passenger is 
every person other than:
◦ The master and the members of the crew.
◦ Other persons employed or engaged in any capacity on board a ship on the 
business of that ship.
◦ Child under one year of age.
• Peak load: The maximum power a load will draw (not considering transients). 
The peak load should be less than or equal to a load’s connected load.
• Ship operating conditions:
◦ Shore: A shore condition is a ship operating condition in which the ship 
receives all electric power from a shore facility or a tender.
◦ Cruising: A cruising condition is a ship operating condition corresponding 
to:
▪ Condition III Wartime Cruising as defined by the ship’s requirements 
documents, for combatants.
▪ Cruising at a specified cruising speed; has self defence capability (if 
provided), but is not at general quarters for non-combatants.
◦ Functional: A functional condition is a ship operating condition in which the
ship is performing its designed function. 
◦ Top Speed: Top speed conditions applies when the motors are used at their 
maximum power capacity. The remaining loads shall require the same 
amount of power than in the functional condition.
◦ Emergency: An emergency condition is a ship operating condition in which 
the ship is on emergency generator with ship service generators down.
▪ Essential Services: During this condition, it must bes assured that the 
essential services defined in 2.6.11. Essential services (page 47) are 
supplied. Besides, the passengers' accommodation must be assure as far 
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as possible. The devices in the Bridge shall be supplied at all times. 
• State Of Health: Reflects the general condition of the battery and the ability to 
deliver the specified performance compared to a new battery
• Ventilation: Provision of air to an enclosed space to meet the needs of the 
occupants and/or the requirements of the equipment therein.
2.5.2. Abbreviations
These are the abbreviations that will be used on the develop of this project:
• AC: Alternating current.
• DC: Direct current.
• DIN: Deutsches Institut für Normung e.V.
• DNV:  Det Norske Veritas.
• Em: Average lighting level.
• EMC: Electromagnetic Compatibility.
• EMS: Energy Management System.
• EPLA: Electric Power Load Analysis.
• ESB: Emergerncy SwitchBoard.
• HV: High Voltage.
• IEC: International Electrotechnical Commission.
• IP Code: International Protection Marking.
• ISO: International Organization for Standardization .
• LV: Low Voltage.
• LiFePo4: Cell chemistry: Lithium Iron Phosphate.
• MBMM: Master Battery Management Module.
• MSB: Main SwitchBoard.
• PE: Protective Earth.
• Ra: Colour rendering index .
• RFQ: Request For Quotation (document).
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• RT: Routine Test.
• SB: Switchboard.
• SOH: State Of Health.
• SOLAS: Safety Of Life At Sea.
• TT: Type Test.
• UGR: Unified Glare Rated.
• UNE: Una Norma Española.
2.6. Design requirements
The initial design requirements needed for the complete design of the electrical 
installations will be studied in this section. It gathers its main features, (length, 
beam,...), surface areas, electrical systems, etc.
2.6.1. Vessel Type
The vessel is a double hull passenger ferry. It aims to give touristic services and 
passengers transporting. The vessel has a pure electric propulsion system, i.e. fuel 
motors and fuel generators are not taken into account, which allows the vessel to 
perform its requirements independently and without polluting emissions. 
2.6.2. Main Features
These are the main features that conforms the structure of the vessel:
• Length Overall: 23.95 m
• Beam Maximum: 6.74 m
• Beam Moulded: 6.50 m
• Beam of WL Hull: 1.40 m
• HillDraft (Max): 0.95 m
• Vessel Draft (Max): 1.25 m
• Passenger Room: 100 total
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• Black Water Tank: 1 x 1000 Litres portside only
• Fresh Water Tank: 1 x 1500 Litres starboardside only
2.6.3. Ship plan
The ship is composed of two decks, each one with different rooms. There are 
subdivisions in both of the decks, in order to make the calculations and set the 
secondary electrical switchboards. The vessel has two hulls too, where the machinery 
rooms are placed, and have symmetrical distribution. 
If we look at the blueprint from left to the right, we will see every zone. On the 
first deck, we will found first the Entrance, which has not walls, and at the same time 
the Toilet next to the Passengers Room. The Passengers Room is the largest room on the
first floor. Later we will found the Anteroom of the bridge, and next to it, the Captain's 
Bridge.
On the second floor, every compartment shall be equal to the same compartment 
in the other hull. We will find, from left to the right, an Engine Room, a Tank 
Compartment, an Electrical Compartment and a Void Compartment.
The following screen provides all the information previously explained:
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2.6.4. Surface Areas
The areas of all the surfaces within the ship are provided in the following table. 
It has been divided following the two decks structure:








Engine room (x2) 5,88 (x2)




Void compartment (x2) 5,78 (x2)
Table 1: Areas
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2.6.5. Electrical system
The electric ship power system may be organized in five main sections: prime 
power generation, power conversion and distribution, propulsion loads, ship service 
loads, and advanced system loads.
Figure 2: Power system
The ship shall count with two different electrical system, one for each hull. Thus,
both blades shall count with a battery bank, an electric motor, a power conversion 
equipment, switchboards, etc. The reason for these two different electrical system is 
based on the necessity of an emergency system that provides power when there is a 
failure. Having two different systems placed each one in one hull give us the possibility 
to distribute the load consumption symmetrically and, in case of failure in one system, 
the other one may be able to supply the rest of the consumption during a fixed time. 
There shall be component redundancy for main sources of power and power 
converters in the main power supply system so that with any source or power converter 
out of operation, the power supply system (i.e. the battery banks) shall be capable of 
supplying power to the following services:
• Those services necessary to provide normal operational conditions for 
propulsion and safety of the passengers.
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• Starting the largest essential or important electric motor on board, (except 
auxiliary thrusters).
• Ensuring minimum comfortable conditions of habitability which shall include at 
least adequate services for cooking, heating, domestic refrigeration (except 
refrigerators for air conditioning), mechanical ventilation, sanitary and fresh 
water.
• For a duplicated essential or important auxiliary, one being supplied non-
electrically and the other one electrically (e.g. lubricating oil pump No. 1 driven 
by the main engine, No. 2 by electric motor), it is not expected that the 
electrically driven auxiliary is used when one generator is out of service.9
The battery banks shall count with a power conversion system that allows to 
drop the voltage into the proper values. Thus, the 230 Vac system and the 24 Vdc may 
be both supplied from the battery banks. 
The connection between 230 Vac and 24 Vdc is made by a rectifier which is 
supplied from both 230 Vac main switchboard through a two position selector switch. 
This allow us to supply the Bridge at any circumstance and avoid the use of emergency 
batteries at the bridge.
All this information can be checked at the blueprints. (Page 345 – 4.
BLUEPRINTS).
2.6.6. Electric current types
There are three types of electric current working on the ship, depending on the 
task that are expected to perform. 
• 24 Vdc Installation: Navigation devices, radiotelephony.
• 144 Vdc Installation: Battery banks and motors. These voltage is fixed by the 
9 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 18 (July 2013)
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battery banks and motors selection which appears on the Annexes section.
• 230 Vac Installation: Lighting and one-phase loads, emergency lighting, 
navigation lights.
2.6.7. Operating conditions
Depending on the task that the ship is performing, the total power consumption 
will reach a different value every time. As it was defined in 2.5.1. Definitions  (page
32), the ship may perform several conditions. Thus, they system shall not require the 
same amount of power while the ship is cruising than when it is in an emergency 
situation, for example. Therefore, it shall be necessary to define those situations.
2.6.7.1. Essential Services
Services defined in 2.6.11. Essential services (page 47) must be supplied at all 
times during this condition. Besides, passengers' accommodation must be assure as far 
as possible. During this condition, 24 Vdc devices in the Bridge must be operational so 
as to be able to communicate if emergency appears. The total power consumption will 
be reduced up to 90% comparing to Function Condition.
2.6.7.2. Shore
During the Shore Condition, the vessel is supplied from a shore facility. 
Therefore, motors shall be stopped, as well as devices from the Bridge such as 
navigation & signal lights, searchlight or magnetic compass. Nevertheless, passengers 
accommodation shall remain assured. The total power consumption will be reduced up 
to 90% comparing to Function Condition.
2.6.7.3. Function
During Function Condition, the vessel is working at its designed function. 
Motors are used to keep the cruising speed, and general services are limited with the 
load factors depending of their function. The devices at the Bridge shall be available 
during this condition. Its total power consumption can be assumed as the basic value to 
September 2015 | Memory Page 43
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
compare it with the remaining operating conditions.
2.6.7.4. Top Speed
During Top Speed Condition, motors are taken to their maximum power value, 
while the remaining devices and equipments stay at their level set on the Function 
Condition. The Top Speed Condition allow us to set the maximum power consumption 
within the vessel, and to size the elements required for its proper performance. The 
power consumption reaches a value that duplicates that one during Function Condition.
2.6.8. Grounding
The vessel main structure will be used as a low resistance grounding fault return.
Copper interconnection between switchboards, or between several points of vessel 
grounding system will not be done. Besides, major electrical switchboards will be 
earthed directly to the structure, where more convenient. In order to take advantage of 
those connections, it shall be possible to group several earth connections to a common 
connection to the structure.
The earth cables, when required, shall be insulated with yellow/green cover. The 
cross section will be equal to the power cables or at least 50% of the power cables when
they are bigger than or less. 
All the cables shields shall be grounded at the power end. It can be used the 
following methods to comply with this requirement:
• Once the cable shield is undone, it must be interlaced without reducing section 
and the shield connected to the equipment grounding bar. Such connections shall
have a green/yellow sleeve of PVC, or a yellow/green tape.
• Installing a grounding connector around the shield for easy connection by means
of an isolated cable between the shield and the earth bar. The earth cable shall be
at least the same section of the shield cable.
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• The 3 phases medium voltage armour will be earthed at both end, except where 
otherwise specifically specified in the manufacture documentation.
• Instrument shield cables will be insulated from earth at the last equipment, and 
will be kept insulated along the cable route. The grounding will be done in the 
instrument grounding bar of the main equipment, except in generator control 
panel, where the manufacturer information will be taken into account.
• Pipes and ducts shall be earthed by mean of welding.
• All electrical equipment with a operating voltage above 48V must be directly 
earthed.
2.6.9. Main power supply system
The main power supply system shall have the capacity to supply power to all 
services necessary for maintaining the ship in normal operation without recourse to the 
emergency source of power.
There shall be component redundancy for main sources of power, transformers 
and power converters in the main power supply system so that with any source, 
transformer or power converter out of operation, the power supply system shall be 
capable of supplying power to the electrical system.10
As it was stated previously, the vessel that is studied in this project must have a 
pure electric propulsion system. This means that the main power supply system shall not
be conformed of diesel generators. This makes us focus on battery banks systems as the 
main power supply system. Being able to save energy and deliver it when it is required, 
makes it the best way of power supplying. 
The battery banks must be interconnected with the rest of the vessel by using 
several power converters. Thus, the power will be able to flow from the quay to every 
load connected into the system. 
10 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 18 (July 2013)
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Each battery powered system shall have a separate charging device, suitable for 
the actual service. Each charging device is, at least, to have sufficient rating for 
recharging to 80% capacity within 10 hours, while the system has normal load. The 
battery charger shall be suitable to keep the battery in full charged condition, (float 
charge), taking into account battery characteristics, temperature and load variations. If 
the battery requires special voltage regulation to obtain effective recharging, then this is 
to be automatic. If manual boost charge is provided, then the charger is to revert to 
normal charge automatically.11
On the following sections a study of the power forecast will be developed (page
133 – 3.2. EPLA (Electric Power Load Analysis)), and with these results, we will be 
able to size the battery banks requirements and choose one that fits with those 
requirements.
2.6.10. Emergency power supply system
The emergency source of electrical power may be either a generator or an 
accumulator battery. The emergency source of power shall be automatically connected 
to the emergency switchboard in case of failure of the main source of electric power.12
The electrical power available shall be sufficient to supply all services essential 
for safety in an emergency, due regard being paid to such services as may have to be 
operated simultaneously, also taking into account starting currents and transitory nature 
of certain loads.
Where the emergency source of electrical power is an accumulator battery it 
shall be capable of carrying the emergency electrical load without recharging while 
maintaining the voltage of the battery as required.
11 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 26 (July 2013)
12 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 20 (July 2013
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The emergency source of electrical power shall be capable of supplying 
simultaneously at least the services listed in Table 2 for the periods specified, if they 






Emergency lighting 18 0.5
Navigation lights 18 0.5











Alarm systems 18 0.5
Table 2: Services to be supplied by an emergency source
Once again, in this project the emergency power supply system must be 
conformed by the power supply system of the hull that has not been damaged or 
disconnected. Thus, both power supply system must be interconnected in order to 
supply the other one during a failure, which makes mandatory that the two systems must
have enough power to comply with the requirements stated on the previous table.
2.6.11. Essential services
As it was defined in 2.5.1. Definitions  (page 32), essential (primary essential) 
services are those services that need to be in continuous operation for maintaining the 
vessel’s manoeuvrability in regard to propulsion and steering. Thus, these are the 
13 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 21 (July 2013)
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equipments and systems required for essential services:14
• Control, monitoring and safety devices or systems for equipment for essential 
services.
• Ventilation necessary to maintain propulsion.
• Steering gears.
• Cooling water pumps.
• Electrical equipment for electric propulsion plant - with lubricating oil pumps 
and cooling water pumps.
• Hydraulic pumps supplying the above equipment.
• Electric generators and associated power sources supplying the above 
equipment.
2.6.12. Starting batteries
According to the DNV, each starting battery shall have sufficient capacity for at 
least three start attempts of each of the engines being normally supplied. The duration of
each starting shall be taken as minimum 10 s.15
Circuits connected to batteries above 12 V or above 1 Ah capacity shall have 
short-circuit and over-current protection. Short-circuit protection shall be located as 
close as is practical to the batteries, but not inside battery rooms, lockers, boxes or close
to ventilation holes. The connection between the battery and the charger is also to have 
short-circuit protection.16
For this task, we will use the same batteries that conform the main power supply 
system, as they will be directly connected to the motors, being adjusted to the required 
voltage levels stated by the motors. 
14 DNV - Electrical Installations, Pt.4 Ch.8 Sec.13 – Page 121 (July 2013)
15 DNV - Rules for Classification of Ships, Pt.4 Ch.8 Sec.2 – Page 27 (July 2013)
16 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 36 (July 2013)
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2.6.13. Motors
The DNV states that vessels having two or more propulsion motors and 
converters, or two electric motors on one propeller shaft, shall be arranged so that any 
unit may be taken out of service and electrically disconnected without affecting the 
operation of the others.17
In this project, the vessel shall count with two motors, one in each hull. The 
motors must be the same in order to make the interconnection suitable. Once again, the 
motors must be pure electrical, avoiding those which present a diesel component or an 
hybrid performance. 
The motors which are about to be selected must comply with the torque 
requirements of the ship, i.e. they must be able to move the vessel within the proper 
speed.
The motors are selected on the following sections (3.10.2. Motor catalogue – 
page 302). 
2.6.14. Transformers
Due to the fact that the vessel shall be supplied from battery banks which are in 
turn supplied from the quay, there will be no need of having transformers in the vessel. 
The batteries shall work with a direct current system which will be converter into an 
alternating current system  by using power converters such as inverters or rectifiers. 
2.6.15. Power Converters
This sections covers the following power electronics converters widely used in 
electrical power systems:
17 DNV - Electrical Installations, Pt.4 Ch.8 Sec.12 – Page 117 (July 2013)
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• AC-DC converter - Rectifier
• DC-AC converter - Inverter
2.6.16. Rectifiers
Rectifiers will be needed in this project to charge the batteries from the shore 
connection. As the power comes from the electrical system of the quay, it will be either  
400 Vac or 230 Vac, so it must be changed first to a DC system. 
The rectifier, due to the high values of power required, shall be out of the vessel, 
and will not be calculated in this project, assuming that the quay will have the devices 
required for this task.
2.6.17. Inverters
The power electronics circuit used to convert DC into AC is known as the 
inverter, although the term converter is often used to mean either the rectifier or the 
inverter. The DC input to the inverter can be from a rectifier, battery, photovoltaic panel,
or fuel cell.
In its simplest form, the single-phase, full-wave voltage source inverter (VSI) is 
made using four thyristor switches. The four thyristors are fired on and off sequentially 
in diagonal pairs for equal duration (i.e., each pair for a half cycle). This results in the 
load being alternatively connected to positive and negative polarities of the DC source, 
thus making the load voltage alternate between positive and negative polarities.18
In this project, there will be a need of two power inverters, i.e. one for each hull, 
in order to transform the DC network of the batteries into a 230 Vac system to supply 
loads as luminaries, air conditioning, etc. 
18 Shipboard Propulsion, Power Electronics, and Ocean Energy - Mukund R. Patel, CRC Press - Taylor 
& Francis Group – Page 64 (2012)
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2.6.18. Lighting conditions
The illumination of the workplaces where a task is performed must be suitable 
for the workers in order to allow them perform their activities. Also, it must fulfils the 
requirements needed for a comfortable stay of the passengers.
The lighting system shall be based on the following separation of the system: 
• Main lighting system supplied from the main power supply system.
• Emergency lighting system supplied from the emergency power supply system, 
i.e. the power supply system of the hull which has not been disconnected.
The main electric lighting system shall provide illumination throughout those 
parts of the ship normally accessible to, and used by, passengers or crew, and shall be 
supplied from the main source of electrical power.
The following lighting shall be divided between at least two circuits from 
different parts of the main switchboard:
• Engine room lighting
• Switchboard room lighting
• Lighting in control room and of control positions
• Lighting in alleyways, stairways leading up to the boat deck and in saloons.19
On the other hand, the lighting conditions are well established on the related 
rules, fixing the necessary values in every parameter. Those parameters are explained on
the following section.
2.6.19. Interior lighting 
An adequate level of lighting shall be provided, facilitating the performance of 
19 DNV - Electrical Installations, Pt.4 Ch.8 Sec. 2 – Page 29 (July 2011)
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all bridge tasks at sea and in port, during daytime and night-time. The lighting shall 
comprise both general lighting and task related lighting to ensure that illumination is 
compatible with individual operations and tasks.
There are several parameters that will depend on the activity that is being 
developed, as well as the place where it is taken. Those parameters are:
• Average lighting level (Em): Iluminance is the amount of luminous flux 
(lumen) that reaches vertically or horizontally a surface. To measure it we use 
the lux (lx). The lighting level depends on the task and its needs of visual acuity, 
the environmental conditions and the length of the activity. The lighting system 
must be designed in order obtain the required levels at the set height. It means 
that at the work places, the level will be measured at 80 cms above the floor. At 
toilets and walking places it will be measured from the floor. Furthermore, the 
lighting shall be as uniform as possible. It is recommended that the factor 
between the lowers values and the average have a value above 0.4. 
• Unified glare rated (UGR): The glare can be produced when there are light 
sources whose luminance is higher than the average. Also, it can be due to the 
reflection on polished surfaces. The direct glare is avoid using sources that 
redistribute the flux. The daylight can produce glare too, and it can be avoid 
changing the furniture distribution and adding protections on the windows. The 
reflected glare depends on the colour and the shape of the walls, so they must 
have soft colours to avoid it. To represent the amount of glare is used the UGR, 
from the CIE (International Commission of Illumination).
• Colour rendering index (Ra): The chosen colour for a room with artificial 
lighting will depend on the chosen lamp. Specifically on two parameters: Colour
rendering index (Ra) and its colour appearance due to its colour temperature. 
The colour rendering index represent the ability of the source to display standard
colours, in contrast to a baseline pattern source. The higher is the value, the 
better is the colour display. On the other hand, the colour temperature defines the
September 2015 | Memory Page 52
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
colour tone of the light.
2.6.20. Bridge lighting
The lighting system shall enable the bridge personnel to adjust the illumination 
level as required in different areas of the bridge and by the needs of individual tasks. 
The illumination levels are shown in the following table.20
Place Colour and illumination
Wheelhouse, general White, at least 200 lux
Workstations (day) White, at least 300 lux
Workstations (night) Red, variable up to 20 lux
Open staircase inside wheelhouse (day) White, at least 200 lux
Open staircase inside wheelhouse (night) 
Red, variable up to 20 lux (Alt: fixed 
indirect red or filtered white light may be 
provided in the steps)
Chart table (day) White, variable 100-1000 lux
Chart table (night) White filtered, variable up to 20 lux
Toilet (day) White, at least 200 lux
Toilet (night) Red, variable up to 20 lux
Table 3: Illumination levels at the Bridge
2.6.21. Emergency lighting
The emergency lighting system shall be supplied from the emergency source of 
electrical power. Upon loss of main source of power, all required emergency lighting 
shall be automatically supplied from the emergency source of power. Emergency 
exterior lighting may however be controlled by switch on the Bridge.21
The arrangement of the emergency electric lighting system shall be such that 
fire, flood or other casualty, in spaces containing the emergency source of electrical 
20 DNV Rules for Classification of Ships “Nautical Safety”, Pt.6 Ch.8 Sec.3 – Page 46 (July 2011)
21 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 29 (July 2013)
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power, associated transforming equipment, if any, the emergency switchboard and the 
emergency lighting switchboard, will not render the main electric lighting system 
inoperative.22
In this project, the emergency lighting must be carried out by using the electrical
system of the hull that has not been damaged or disconnected. Thus, each hull must 
have a connection supplying the lightings (or part of them) of the other hull in order to 
fulfil this requirement. 
2.6.22. Ventilation
The ventilation system shall be designed to maintain acceptable working and 
living environment for the personnel and non-detrimental conditions for equipment and 
machinery.
There shall be independent ventilation systems for hazardous and non-hazardous
areas.
The capacity of the ventilation plant should be such as to provide comfortable 
working condition in the engine room.
In order to meet these requirements, the air should be distributed to all parts of 
the engine room, so that pockets of stagnant hot air are avoided. Special considerations 
should be given to areas with large heat emission and to all normal working areas, 
where reasonably fresh and clean outdoor air should be provided through adjustable 
inlet devices.
The required air flow for combustion and evacuation of heat emission shall be 
calculated according to ISO 8861.
22 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 41 (July 2013)
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The air exhaust fans shall be designed to maintain a slight positive pressure in 
the engine room. The positive pressure should normally not exceed 50 Pa.
Fans serving hazardous spaces shall be designed with the least possible risk for 
spark generation. The parts of the rotating body and of the casing shall be made of 
materials which are recognised as being spark proof, and they are to have anti-static 
properties. Furthermore, the installation of the ventilation units shall be such as to 
ensure the safe bonding to the hull of the units themselves.23
Rooms where electrical equipment is located shall be sufficiently ventilated in 
order to keep the environmental conditions within the limits.
The air supply for internal cooling of electrical equipment (i.e. “ventilated 
equipment”) shall be as clean and dry as practicable. Cooling air shall not be drawn 
from below the floor plates in engine and boiler rooms.24
The rooms that are thought to have ventilation systems in this project are both 
Engine Rooms and Electrical Rooms because of the machinery that will be placed on 
them. Through the upcoming sections, the fan system will be calculated and a specific 
type of fan will be selected. A calculation of the airflow requirements can be checked at 
the Annexes section (3.2.1.4. Ventilation  page – 142).
2.6.23. Switchboards
One of the most important components in the electrical system are the 
switchboards. According to the rule UNE EN 60439-1, the switchboard is defined as the
combination of one or more switch gears, with the associated components of  command,
measure, protection, etc, developed completely under the responsibility of the 
constructor, and with all the mechanical and electrical connections required.
23 DNV - Offshore Standard DNV-OS-D101, Ch.2 Sec.4 – Pag. 65 October 2012
24 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 41 (July 2013)
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The switchgear intended to assure the protection of the electrical equipment 
against external influences assures as well the primary function of protection to the 
direct contacts from people.
Switchboards shall be placed in easily accessible and well-ventilated locations, 
well clear of substantial heat sources such as boilers, heated oil tanks, and steam exhaust
or other heated pipes. Ventilation and air conditioning systems shall be so arranged that 
possible water or condensation can not reach any switchboard parts.
Switchboards shall not be located immediately above spaces where high 
humidity or high concentrations of oil vapours can occur (e.g. bilge spaces), unless the 
switchboard has a tight bottom plate with tight cable penetrations.
The arrangement and installation of switchboards shall be such that operation 
and maintenance can be carried out in a safe and efficient way. When switchgear is 
located close to bulkheads or other obstructions, it shall be possible to perform all 
maintenance from the front.
Distribution switchboards shall be placed in accessible spaces with enclosures.
Alternatively switchboards may be placed in cupboards made of or lined with 
material that is at least flame-retardant, and with door, cable entrances and other 
openings (e.g. for ventilation) arranged so that the cupboard in itself complies with the 
protection required.
The front of the switchboard, inside such a cupboard, shall comply with 
enclosure type IP 20.25
25 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 42 (July 2013)
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The vessel that is studied in this document shall have several switchboards 
throughout it. The main ones shall be those that come from the battery banks and supply
the motors and the inverters which in turn supply the 230 Vac loads. There will be some 
secondary switchboards, like those ones which supply every room. They will host 
several circuits conformed by the loads. There is a study of the circuit distribution in the
Annexes section (3.3. Circuit distribution – page 156).
The placement of the switchboards shall be as follows:
144 Vdc switchboard:
• Main switchboard: Placed at the Electrical Room of each hull and supplied from 
the battery banks. It shall supply the DC motor.
48 Vdc switchboard:
• Main switchboard: Placed at the Electrical Room of each hull and supplied from 
the battery banks. It shall supply the 230 Vac main switchboard through the 
power inverter. 
230 Vac switchboard:
• Main switchboard: It shall be placed at the Electrical Room. It shall supply all 
the secondary switchboards.
• Secondary switchboards: Placed on both sides and in opposite corners of the 
room that supplies. This will be useful in case of emergency situations, and will 
prevent from a total shut-down.
24 Vdc switchboard:
• Main switchboard: Placed at the Bridge, with the switches and fuses required. It 
will supply the navigation and the radio-electronic devices. 
A blueprint representing the location of the switchboards can be checked at the  
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Blueprints section (4. BLUEPRINTS – page 345).
2.6.24. Cable selection
This section contains requirements for selection, construction and rating of fixed
electrical cables for permanent installation based on the requirements of the 
Classification Society.26
Duty:
Unless otherwise clearly stated, the rating of electrical cables for power supply 
to equipment shall be for continuous full load duty.
Construction:
All switchboard wires, electrical cables and wiring external to equipment shall 
be at least of a flame-retardant type. (This requirement is intended to cover SOLAS Ch. 
II-1/45.5.2.)
All conductors shall consist of plain or metal-coated annealed copper according 
to IEC 60092-350 and shall be stranded according to IEC 60228 class 2 or class 5.
Class 1 (solid conductors) is accepted for Cat. cables (data communication 
cables) where the termination assembly provides sufficient mechanical integrity. Class 6
is accepted for flexible cables.
The use of other conductor metals may be considered in applications where 
copper cannot be used for chemical reasons.
Insulating materials:
General requirements for insulating materials for standard marine cables: The 
temperature classes and materials given in the Table 4 may be used.
26 DNV - Electrical Installations, Pt.4 Ch.8 Sec.9 – Page 89 (July 2013)
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Material Temperature °C
Polyvinyl chloride or (PVC) 70
Ethylene propylene rubber (EPR) 90
Halogen free ethylene propylene rubber (HF EPR) 90
Hard grade ethylene propylene rubber (HEPR) 90
Halogen free hard grade ethylene propylene rubber (HF HEPR) 90
Cross linked polyethylene (XLPE) 90
Halogen free cross linked polyethylene (HF XLPE) 90
Halogen free cross linked polyolefin (HF 90) 90
Silicone rubber, (S 95) 95
Halogen free silicone rubber (HF S 95) 95
Table 4: Temperature classes for insulating materials
Wire braid and armour:
Cable braids shall be made of copper, copper alloy, or galvanised steel wire. 
Braid and/or armour shall be separated from the core insulation by an inner non-metallic
sheath, by tape or fibrous braid or roving.
Cable selection:27
These technical requirements for cables and cable installations are considered 
relevant for the system design phase. However, they apply as well to the final 
installation on the vessel.
Cables for services, required to be operable under fire conditions shall be of fire 
resistant type complying with the requirements of IEC 60331, where they pass through 
machinery spaces of category A (and other high fire risk areas other than those which 
they serve. For passenger vessels this requirement also applies for such cables passing 
through main vertical fire zones. (IACS UR E15).
27 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 46 (July 2013)
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The following electrical services are required to be operable under fire 
conditions:
• Fire and general alarm system.
• Fire extinguishing systems and fire extinguishing medium alarms.
• Control and power systems to power operated fire doors and status indication for
all fire doors.
• Control and power systems to power operated watertight doors and their status 
indication.
• Emergency lighting.
• Public address system.
• Low location lighting.
• Emergency fire pump.
• Remote emergency stop/shutdown arrangements for systems which may support
the propagation of fire and or explosion..
The rated voltage of a cable shall not be less than the nominal voltage of the 
circuits in which it is used.
2.6.24.1. Conductors cross-section
Conductor cross sections shall be based on the rating of the over current and 
short-circuit protection used. However the minimum cross section shall be:
• 0.5 mm2 for 250 V for cables and switchboard wires for control and 
instrumentation
• 1.0 mm2 for power circuit switchboard wires
• 1.0 mm2  for 250 V and 0.6/1 kV power cables with the following exceptions: 
0.75 mm2 may be used for flexible cables supplying portable consumers in 
accommodation spaces, and also for internal wiring of lighting fittings, provided
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that the full load current is a maximum of 6 A and that the circuit's short-circuit 
protection is rated at a maximum of 10 A
• 10 mm2 for 1.8/3 and 3.6/6 kV cables
• 16 mm2 and upwards for cables above 6/10 kV.
2.6.24.2. Voltage-drop of the conductors
An AC distribution system shall be designed and installed so that the stationary 
voltage drop in supply to individual consumers, measured from the main switchboard to
the consumer terminals, does not exceed 6% of system nominal voltage.
A DC distribution system shall be designed and installed so that the stationary 
voltage drop in supply to individual consumers, measured from the battery distribution 
to the consumer terminals, does not exceed 10% of system nominal voltage.
Specific requirements for transient voltages on consumer terminals during start 
or stop are not given. However, the system shall be designed so that all consumers 
function satisfactorily.28
Tests may be required to verify that the allowable voltage drop is not exceeded.
2.6.24.3. Short-circuit current
Characteristics of short-circuits: 
The primary characteristics are:
• Duration (self-extinguishing, transient and steady-state).
• Origin.
• Mechanical (break in a conductor, accidental electrical contact between two 
conductors via a foreign conducting body such as a tool or an animal).
• Internal or atmospheric over-voltages.
28 DNV – Electrical Installations, Pt. 4 Ch. 8 Sec. 2 – Page 17 (July 2013)
September 2015 | Memory Page 61
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
• Insulation breakdown due to heat, humidity or a corrosive environment.
• Location (inside or outside a machine or an electrical switchboard).
Consequences of short-circuits:
The consequences are variable depending on the type and the duration of the 
fault, the point in the installation where the fault occurs and the short-circuit power. 
Consequences include:
• At the fault location, the presence of electrical arcs, resulting in:
◦ Damage to insulation.
◦ Welding of conductors.
◦ Fire and danger to life.
• On the faulty circuit
◦ Electrodynamic forces, resulting in:
▪ Deformation of the busbars.
▪ Disconnection of cables.
◦ Excessive temperature rise due to an increase in Joule losses, with the risk of
damage to insulation.
• On other circuits in the network or in near-by networks.
• Voltage dips during the time required to clear the fault, ranging from a few 
milliseconds to a few hundred milliseconds.
• Shutdown of a part of the network, the extent of that part depending on the 
design of the network and the discrimination levels offered by the protection 
devices.
• Dynamic instability and/or the loss of machine synchronisation.
• Disturbances in control/monitoring circuits.
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Definition:  29
A simplified network comprises a source of constant AC power, a switch, an 
impedance Zsc that represents all the impedances upstream of the switch, and a load 
impedance Zs.
In a real network, the source impedance is made up of everything upstream of 
the short-circuit including the various networks with different voltages (HV, LV) and the
series-connected wiring systems with different cross-sectional areas (A) and lengths. In 
the previous figure, when the switch is closed and no fault is present, the design current 
Is flows through the network.
When a fault occurs between A and B, the negligible impedance between these 
points results in a very high short-circuit current Isc that is limited only be impedance 
Zsc. The current Isc develops under transient conditions depending on the reactances X 
and the resistances R that make up impedance Zsc:
Zsc=√ R2+X 2
29 Schneider Electric - “Calculation of short-circuit currents” (September 2005)
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However, the transient conditions prevailing while the short-circuit current 
develops differ depending on the distance between the fault location and the generator. 
This distance is not necessarily physical, but means that the generator impedances are 
less than the impedance of the elements between the generator and the fault location.
Aim:
It is necessary to calculate the short-circuit currents in each of the levels of the 
electrical system, in order to size the proper protection as well as the conductors. The 
cable cross section shall depend on the power consumed by the loads, in every voltage 
range. Therefore, knowing the current absorbed by the loads will be possible to size the 
cross section of the cable for every consumer.
Thus, this section will gather the calculations of every short-circuit current that 
may appear in the system, following several criteria in order to size the conductors. 
These criteria are:
• Maximum permissible current or maximum permissible heating, which shall be 
the most critical
• Maximum permissible voltage drop
• Higher permissibility in the conductor than the switch.
The calculation of the short-circuit currents can be checked at the Annexes 
section (3.7.3. Short-circuit currents calculation – page 230).
2.6.25. Cable routing
Cable runs shall be installed well clear of substantial heat sources such as 
boilers, heated oil tanks, steam, exhaust or other heated pipes, unless it is ensured that 
the insulation type and current rating is adapted to the actual temperatures at such 
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spaces.30
The cables will be distributed among the circuits that conforms the electrical 
system, which can be checked at 3.3. Circuit distribution – page 156.
2.6.25.1. Cable trays
Regarding to cable trays, there are several options than may be adapted for the 
purpose of this project. 
• Ladder type trays:
▪ A (width): From 200 to 600 mm .
▪ B (distance between steps): maximum 300 mm (Or less, according to 
cable diameter and the requirement of the Classification Society).
▪ C (group height): 80 mm.
▪ L (length): maximum 3 meters.
▪ Material: Hot galvanized steel in accordance with EN ISO 1461.
▪ Thickness: Manufacturer Standard.
▪ Use: in all areas of the vessel.
• Grating types trays:
▪ A: to 150 mm.
▪ C: 30-105 mm 
▪ L: maximum of 3 meters. 
▪ Thickness: Manufacture Standard.
▪ Material: Hot galvanized steel or steel primed and painted for indoor use
and 316L stainless steel for outdoor use.
▪ Use: Secondary trays and final branches in all areas of the vessel.  
30 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 45 (July 2013)
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• Secondary trays:
▪ Round steel rods of 8mm diameter, treated and painted according to the 
vessel structure where they are welded.  
▪ L: de 300 to 700 mm
▪ H: 10- 200 mm 
▪ Use: in all areas of the vessel to approach the cables to the consumers. 
Only cables with an outer diameter less than 15 mm and for a maximum 
of four cables. For bigger cables,  cables trays will be used. 
▪ Comments: 
• Welding must be performed to an structural element wherever 
possible, never to the shell plates.
• Cable trays support:
▪ Distance between supports will not exceed 1600 mm 
▪ Supports arrangement:
◦ “T” supports for trays 400mm width or bigger.
◦ “L” supports for ladder trays and trays width less than 400mm
▪ Material: Steel supports, L profile, dimensions: 30 x 30 x 3, 40 x 40 x 4 
and 50 x 50 x 5.  
▪ Steel supports, U profiles, dimensions: 50 x 25.
▪ The supports will be blasted and shop-primed.
▪ Comments:
◦ Compensations plates are needed depending on the thickness of 
the steel plate. No compensations plates are required when 
welded to reinforcements. 
◦ All cables exposed to the risk of mechanical damage shall be 
protected by suitable means to risk: flexible pipe, galvanized steel
pipe or a tray with cover.
◦ Trays are fixed to supports with screws.
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2.6.25.2. Mounting
Cable mounting shall comply with several requirements:
• When several layers of trays are required, the spacing between them will not be 
less than 175 mm.
• The trays shall have longitudinal continuity on its route, to ensure the maximum 
distance between two cables support, established by the Classification Society, 
according to the type of cable.
• When there is a bulkhead or deck isolation the tray shall be installed separated 
from the isolation to perform properly the cabling and clamping installation.
• In case of ceiling isolation the minimum separation between the tray and the 
insulation will be 175 mm. Cables trays will be installed above the decorated 
ceiling in the accommodation area.
• Derivations and crosses at different levels will be separated 175 mm.
• The maximum distance between horizontal and vertical derivations shall be 300 
mm.
• Trays that pass near heat sources have to respect a minimum distance of 300 mm
from heat source. In case of non-isolated pipes the minimum distance is 300. 
150 mm from the outer isolation face when the pipe is isolated.
• Curved trays, shall have a bending radius of 6 times the biggest cable diameter 
passing through it. In any case it not be less than 300 mm. For special cables: 
flexible waveguide, coaxial fibre optic, the bending radius will be the maximum 
radius specified by the manufacturer to ensure a proper installation without 
deterioration.
• Switchboards foundations shall be painted according to the zone where they are 
located. When the bulkheads are isolated, the foundation shall provide a gap of 
10 mm between the isolation and the switchboard.
• The edge of the tray shall be separated a maximum of 200 mm from the outer 
edge of the cable penetration, in order to ensure the last clamping 300 mm. The 
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Edge of the tray shall be vertically separated 10 mm above the base of the cable 
penetration.
• When there is a direction change between the tray and the penetration the tray 
will be separated 2/3 its width in both directions, longitudinally and vertically, in
order to facilitate the cable bending. Alternatively the tray will follow the 
direction changes.
• The cables will be protected with covers or pipes in case of risk of mechanical 
damages.
• Pipe trays will be removable.
• Pipes used as trays shall have an inner diameter and a bending radius such as to 
allow easy installation of cables. 
• When the cables pass through watertight bulkheads they will pass through multi-
cables watertight transit system to maintain the bulkhead classification. Cables 
penetrations pass through duct cables shall be made according to the bulkhead 
classification. 
• Drain holes will be made in pipes, diameter no less than 7mm, in order to 
facilitate ventilation and drainage to prevent the water inside.
• Compensation plates will be used when trays supports are welded directly to 
decks plates or to shell plates, with a thickness less than 10 mm. 
• Compensation plates are not required when the trays supports are welded 
directly to the stiffeners.
2.6.25.3. Lay-out and finishing
Conductors shall comply with the following requirements related to their lay-out
and finishing:
• Cables will be arranged directly on the trays and rods. Accessibility will be 
possible.
• The following situations shall be avoided during the cable laying:
▪ Expansion parts of vessel structures.
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▪ Excessive vibration in cable trays curves.
▪ Magnetic influenced areas.
▪ Excessive heat.
• The cables laying will be as straight as possible and avoiding disassembly of 
equipments.
• The minimum bending radius of cables up to 0,6/1 kV will be according to the 
cable type, and their minimum values are given in the following table as a guide:










≤ 25 mm 4·D

















Table 5: Minimum bending radius to 0,6/1 kV cables
• For cables of medium and high voltage the bending radius will be 15 times its 
external diameter and 20 times for single core cables.
• Segregations will be maintained as described in subsequent sections. Where 
instrumentation and power cables are crossed it will be performed in right angle.
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• For redundant Systems (duplicated), the system “A” cables will be routed in 
separated trays from the main system “B” cables. System “A” instrumentation, 
control, F&G, PA/GA, will routed separated from the system “B”.
• In general, the cables entrance to the switchboards will be done from the bottom 
through cable glands that ensure its IP protection. Open areas and wet areas, the 
cables will be bent before entry to the switchboard.
• In general, direct joining of cables is forbidden, whether for constructive 
strategy or assembly were needed, connections boxes would be installed, EMC 
to maintain the degree of protection and insulation.
• Between converters and electric Motors shielded EMC cables and glands or 
multi-cables penetrations will be used.
2.6.25.4. Cable clamping
All the systems in interior zones shall comply the following requirements:
• In the horizontals trays, where the cables are laid above the tray, plastic clamps 
can be used, one metallic clamp will be installed approximately each 1,8 metes.
• In vertical trays, and horizontal trays where the cables are laid below the tray, 
one metallic clamp will be installed each 1,2 meters
As general rule, the separation between clamps in horizontal cable trays will be 
minimum 600 mm. The separation between clamps in verticals trays and horizontal 
trays where cables are laid below the tray will be 300 mm 
Metallic clamps must be corrosion resistant.
2.6.25.5. Connections and terminals
• All wires will be marked with the cable identification and the number terminal 
block/plug according to the connections diagrams.
• The wire insulation will be cut closed to the terminal to reduce the length of the 
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bare wire and also clean input terminal.
• Terminal type will be appropriated for each section of the wire.
• A proper terminal will be used for cables and blocks, except where the 
manufacturer recommends entry directly with the wire f. e. bind blocks.
• In power circuits which require terminals will be closed type and bound with nut
and lock washer or locknut.
• Cables will be fastened or secured before termination adequately convey so no 
efforts to terminals.
• Terminals will be used only in connected cables, others will remain identified 
with “spare” and cables tag  in instrumentation cables.
• A tool will be used to tight the terminal blocks recommended by the 
manufacturer (or approved for this role) and respect the torque table. 
2.6.26. Protections
In this section are going to be studied protections systems that will be necessary 
on the different sections of the electrical system.
Overload protection may be arranged as load reduction or as the tripping of non-
important consumers. Where more than one generator is necessary to cover normal load 
at sea, then important consumers may be tripped, if necessary.31
All circuits in the electric distribution systems shall have protection against 
accidental over-currents and short circuits as described in the next points.
• Each separate circuit shall be protected against short-circuit with the protection 
in the feeding end.
• Each circuit shall be protected against over-current.
• All consumers shall be separately protected, except as noted below.
• Loss of control voltage to protective functions shall either trip the corresponding
31 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 31 (July 2013)
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equipment or give an alarm on a manned control position, unless other specific 
requirements apply.
Exceptions:
• Circuit supplying multiple socket outlets, multiple lighting fittings or other 
multiple non-important consumers is accepted when rated maximum 16 A in 230
Vac systems.
• Separate short-circuit protection may be omitted for consumers serving non-
important services. Each motor shall have separate over-current protection and 
control-gear.
• Common short-circuit protection for more than one consumer is acceptable for 
non-important consumers, and for important consumers constituting a functional
service group (i.e. when the important function cannot be ensured by a single 
consumer of the group).
• Common overload or over-current protection for more than one consumer is 
acceptable when the protection system adequately detects over-load/over-current
or other malfunction origin at individual consumer. Cables connected to 
individual consumer shall be sized to settings adjusted at the common 
protection.
The protective devices shall provide complete and co-ordinated protection 
through discriminative action in order to ensure:
• Continuity of supply to essential consumers and emergency consumers.
• Continuity of service to important consumers. Supply to healthy circuits shall be
automatically re-established.
• Elimination of the fault to reduce damage to the system and hazard of fire.32
32 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 32 (July 2013)
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Regarding with the capacity of the protection, the DNV states some points that 
must be comply in the protection systems.33
• The breaking capacity of every protective device shall be not less than the 
maximum prospective short-circuit at the point where the protective device is 
installed.
• The making capacity of every circuit breaker or switch intended to be capable of
being closed, if necessary, on short-circuit, shall not be less than the maximum 
value of the prospective short-circuit current at the point of installation.
• For non-important circuits, circuit breakers with insufficient breaking capacity 
can be used, provided that they are co-ordinated by upstream fuses, or by a 
common upstream circuit breaker or fuses with sufficient breaking capacity 
protecting the circuit breaker and connected equipment from damage.
• Circuit breakers in main switchboards are generally to be selected according to 
their rated service short-circuit breaking capacity. 
2.6.26.1. Motor protection
According to DNV, the motors shall comply the following requirements to fulfil 
their protections. We recall that we will work with DC Motors.
• Over-current protection for motors may be disabled during a starting period.
• Over-current relays shall normally be interlocked, so that they must be manually
reset after a release.
• Short-circuit and overload protection shall be provided in each insulated phase 
(pole) with the following exemptions:
◦ For DC motors, over-current relay in one pole can be used, but this cannot 
then substitute over-current release at the switchboard34
33 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 33 (July 2013)
34 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 35 (July 2013)
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2.6.26.2. Battery protection
Circuits connected to batteries above 12 V or above 1 Ah capacity shall have 
short-circuit and over-current protection. Protection may also be required for smaller 
batteries capable of creating a fire risk. short-circuit protection shall be located as close 
as is practical to the batteries, but not inside battery rooms, lockers, boxes or close to 
ventilation holes. The connection between the battery and the charger is also to have 
short-circuit protection.
Connections between cells and from poles to first short-circuit protection shall 
be short-circuit proof.
The main circuit from a battery to a starter motor may be carried out without 
protection. In such cases, the circuit shall be installed short-circuit proof, and with a 
switch for isolating purposes. Auxiliary circuits, which are branched off from the starter 
motor circuit, shall be protected as required in the first paragraph. 35
Accumulator batteries shall be suitably housed, and compartments shall be 
properly constructed and efficiently ventilated.
• The batteries shall be so located that their ambient temperature remains within 
the manufacturer’s specification at all times
• Battery cells shall be placed so that they are accessible for maintenance and 
replacement
• In battery boxes, the cells shall be placed at one height only
• The space above cells shall be sufficient for maintenance and cooling
• Normally, batteries shall not be located in sleeping quarters.36
2.6.26.3. Circuit protection
The distribution of circuits that is developed in the Annexes section (3.3. Circuit
35 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 36 (July 2013)
36 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 43 (July 2013)
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distribution – page 156) must be protected too. DNV states some premises that must be
comply:37
• Each separate circuit shall be protected against short-circuit with the protection 
in the feeding end.
• Each circuit shall be protected against over-current.
• All consumers shall be separately protected.
• Loss of control voltage to protective functions shall either trip the corresponding
equipment or give an alarm on a manned control position, unless other specific 
requirements apply.
• No fuse, switch or breaker shall be inserted in earthing connections or 
conductors. Earthed neutrals may be disconnected provided the circuit is 
disconnected at the same time by means of multipole switch or breaker.
• The circuit breaker control shall be such that “pumping” (i.e. automatically 
repeated breaking and making) cannot occur.
This requirements count with several exceptions that are gathered on the 
following list:
• Circuit supplying multiple socket outlets, multiple lighting fittings or other 
multiple non-important consumers is accepted when rated maximum 16 A in 230
V systems, or 30 A in 110 V systems.
• Non-important motors rated less than 1 kW, and other non-important consumers,
rated less than 16A, do not need separate protection.
• Separate short-circuit protection may be omitted for consumers serving non-
important services. Each motor shall have separate over-current protection and 
control-gear.
• Common short-circuit protection for more than one consumer is acceptable for 
non-important consumers, and for important consumers constituting a functional
37 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 33 (July 2013)
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service group (i.e. when the important function cannot be ensured by a single 
consumer of the group).
• Common over-load or over-current protection for more than one consumer is 
acceptable when the protection system adequately detects over-load/over-current
or other malfunction origin at individual consumer. Cables connected to 
individual consumer shall be sized to settings adjusted at the common 
protection.
• Separate short-circuit protection may be omitted at the battery or busbar end of 
short circuit proof installed cables.
This demands are applied in the calculation of the cross-section and switches 
required for each circuit, and it can be checked at 3.7. Conductors & switches (page
181).
2.6.26.4. Capacity of the circuit breakers
• The breaking capacity of every protective device shall be not less than the 
maximum prospective short circuit at the point where the protective device is 
installed. 
• The making capacity of every circuit breaker or switch intended to be capable of
being closed, if necessary, on short-circuit, shall not be less than the maximum 
value of the prospective short circuit current at the point of installation.
• For non-important circuits, circuit breakers with insufficient breaking capacity 
can be used, provided that they are co-ordinated by upstream fuses, or by a 
common upstream circuit breaker or fuses with sufficient breaking capacity 
protecting the circuit breaker and connected equipment from damage.
• Circuit breakers in main switchboards are generally to be selected according to 
their rated service short-circuit breaking capacity.
• Every protective device or contactor not intended for short circuit interruption 
shall be co-ordinated with the upstream protection device.
• When a switchboard has two incoming feeders, necessary interlocks shall be 
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provided against simultaneously closing of both feeders when the parallel 
connected short circuit power exceeds the switchboards' short circuit strength. A 
short time parallel feeding as a “make before break” arrangement is accepted 
when arranged with automatic disconnection of one of the parallel feeders 
within 30 s.
2.6.26.5. Short-circuit protection
The general requirements for circuit protection in 201, 202 and 203 apply with 
the following exceptions
• Separate short circuit protection may be omitted for motors serving different 
functions of the same non-important equipment for example the engine room 
crane may include hoisting, slewing and luffing motors. Each motor should have
separate over-load protection and control gear.
• Separate short circuit protection may be omitted at the battery or busbar end of 
short circuit proof installed cables. However, short circuit proof connections to 
busbars shall not be longer than 3 m.
2.6.26.6. Over-current protection
• Over-current protection shall not be rated higher or adjusted higher (if 
adjustable) than the cable's current-carrying capacity, or the consumers nominal 
current, whichever is less.
• The general requirements for circuit protection stated before apply with the 
following exceptions:
◦ Over-current protection may be omitted for circuits supplying consumers 
having over-current protection in their control gear.
◦ This also applies to a circuit supplying a distribution switchboard with 
consumers having over-current protection in their control gear, provided that 
the sum of the rated currents of the control gears does not exceed 100% of 
the supply cable's rating.38
38 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 34 (July 2013)
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2.6.26.7. Insulation fault
Each insulated or high resistance earthed primary or secondary distribution 
system shall have a device or devices to continuously monitor electrical insulation to 
earth. For insulated distribution systems, the circulation current generated by each 
device for insulation monitoring shall not exceed 30 mA under the most unfavourable 
conditions. In case of abnormally low insulation values the following is required:
• Low voltage systems: An audible or visual indication
• High voltage systems: An alarm at a manned control station (i.e. both visual and
audible signal).
2.6.27. Penetrations of bulkheads and decks
Multi-blocks watertight transit system penetrations will be used. The transit 
system will be approved by the Classification Society. In special cases, non standard 
commercial transit system can be used, such as main switchboards, emergency 
switchboards entry. The manufacturer procedures shall be followed for the proper 
installation.
Blocks will be installed from down to up. Blind blocks will be installed in upper 
part of the penetration. 15% of free space will be left. 
Referring to the DNV, penetrations of bulkheads and decks shall follow the 
following requirements:39
• Penetrations shall meet the fire and watertight integrity of the bulkhead or deck.
• The penetrations shall be carried out either with a separate gland for each cable, 
or with boxes or pipes filled with a suitable flame retardant packing or moulded 
material when those are put between areas or spaces with different fire or water 
39 DNV - Electrical Installations, Pt.4 Ch.8 Sec.10 – Page 101 (July 2013)
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integrities.
• The installation shall be in accordance with the manufacturers' installation 
instructions.
2.6.27.1. Mounting instructions
Penetrations of bulkheads and decks must follow an specific procedure plan. It is
recommended to check installation of all cables before installing the blocks. To facilitate
the assembly and to ensure correct operation of multi-cable transit system as watertight 
and fire resistant, the following precautions have to be taken:     
• Sort the cables in the order in which they are going to be installed, avoiding 
crosses in the proximity of the penetrations. 
• Avoid direction changes in the vicinity of the penetration. Cables have to enter 
perpendicular to the bulkhead or deck. 
• Until it is fully assembled do not tauten the cables to the trays, supports or 
conduits, in a distance of 1,5 or 2 meters from each side. 
Assembling must begin with bigger cables at the bottom, according to the sketch
previously outlined. A light layer of silicone should be applied to frame surfaces and 
blocks in order to facilitate the placement of blocks. After finishing each row of blocks, 
it must be placed a stay plate. Stay plates are used to maintain the blocks in their 
position and distribute correctly the contact pressure on the frame. 
A compression plate shall be placed in the last row of blocks before finishing the
last row, pressing it against the top of the frame. The screws will be tightened once 
placed the last row (in case the frame has a compression screw). The compression plate 
have to be placed over the last row of blocks. The screws will be tightened sealing the 
enclosure. It must be tighted until slight sealing material goes around the metal pieces. 
This indicates that the blocks and the cables are tight enough to ensure the desired seal. 
Then, the screws must be loosed in order to terminate (about 1/8 turn) when the frame 
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allow it. Then, the multi-cable cable transit is complete.
2.6.28. Designation and labelling of electrical material
This section aims to define the plates, labels, and tags that have to be fixed in all 
the elements of the electrical installation so that they remain identified in the whole 
vessel.
Every equipment will have a unique code according to its corresponding system,
applicable functional identification, documents and diagrams. Whether one equipment 
or item modification required its cancellation, its code must not be reallocated to other 
equipment.
Power and lighting distribution switchboards will have identification and 
information labels. Distribution switchboards will have information labels next to each 
switch.  Circuit number, consumer description and location have to be shown.
Individual identification labels can be omitted in multiple cable penetrations, 
bulkheads or decks, installing a label plate near, the penetration showing the cable trays 
in same order of installation in the penetration.
Cables will be marked with a laser head installed in the cable cutting machine. 
This mark will be done each 50 cm, by numbers. Colours marking will no be accepted.
Marks height will be according to cable type and diameters. Height must be easily 
legible.
Labels and tags material must withstand environmental conditions. The text of 
the labels must withstand regular cleaning and remain legible after 30 years.
Identifications and information labels and tags will be sized according to the size
of the equipment on which they are installed.
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2.6.29. Equipment assembly
Special care shall be taken in order to not place lighting fixtures, fire detectors, 
bells, horns, etc, interfering the areas where for equipment or machinery assembly or 
disassembly. Moreover, all junction boxes shall be labelled and identified, as well as all 
the emergency lighting, visible for easy inspection and location.
All the equipment shall be placed in order to facilitate its removal or access for 
maintenance. Wherever possible, equipment will not be placed in passageways or 
escape routes in case of difficulties. The assembly will have minimal interference, and 
will not difficult the movement of personnel.
2.7. Analysis of solutions
2.7.1. Introduction
There are several design alternatives in some of the aspects that conforms this 
project, and they will be evaluated on this section. One of them will be chosen in order 
to being developed. If there are more than one solution, some aspects will be taken in 
account, referring to the legal rules, facilities of installation, environmental issues, 
economic aspects and above all, security necessities. 
2.7.2. Electrical distribution types
2.7.2.1. Permanently grounded neutral system
An electrical connection with zero impedance between neutral and earth is fixed.
Since the neutral connection is grounded without limiting impedance, the fault 
current from phase to ground Ik1 is basically a short-circuit from phase to neutral. 
Therefore, it reaches a high value.
The trigger happens when the first insulation fault appears.
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Advantages:
• This structure is perfect for the evacuation of over-voltages.
• It is possible to use devices with dimensioned isolation for phase to neutral 
voltage.
• No specific protection units are required: over-current protection units can be 
used for the permanent earth faults.
Disadvantages:
• This system has all the disadvantages and risks referred to the high fault current 
ground: maximum damage and disturbances.
• No continuity of service in the faulty feeder.
• Risks for operators is high
2.7.2.2. Isolated neutral systems
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There is no grounding of the neutral point, except for measuring devices or 
protection.
In this type of electrical systems, a phase to earth fault only produces a low 
current through the phase-to-ground capabilities of fault-free phases. Ik1 fault current 
can be maintained for a long time without causing any damage due to the fact that its 
value reaches no more than a few amps. It is not required to perform any action to 
eliminate this first fault, highlighting the advantages of this solution in terms of service 
continuity.
However, this entails the following consequences:
• Insulation must be continuously monitored and insulation monitoring must 
indicate the failure uncorrected.
• The subsequent bug tracking requires complex automatic equipment for quick 
identification of the faulty power output and also a qualified service operator to 
take care of the operation.
• If the first fault is not corrected, the second fault occurring on another phase will
cause a two-phase short-circuit to ground that will clear the phase protection 
units.
Advantages:
• The main advantage is service continuity since the fault current is very low and 
does not cause automatic tripping in the first defect. It is the second fault that 
requires tripping.
Disadvantages:
• Not removing over-voltages can be a major drawback if the maximum voltage is
high.
• Insulation costs are higher due to the phase voltage may remain between the 
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phase and earth for a long time with no automatic tripping.
• Insulation monitoring is compulsory, with indication of the first fault.
• It must have a maintenance department with equipment to quickly track the first 
insulation fault.
• There are risks of over-voltages caused by ferro-resonance.
2.7.3. Main power supply system
The main power supply system is what provides the ship with the amount of 
power required by every load in the system. It may be conformed by a Genset system 
(diesel generator), a Pure Electric system (battery banks) or a Hybrid system (both).
2.7.3.1. Genset
A Genset or a Diesel Generator is the mixture of a diesel engine with an electric 
generator, which is usually an alternator, to generate electric power. A diesel 
compression-ignition engine often is designed to run on fuel oil, but some types are 
adapted for other liquid fuels or natural gas. Diesel generators are useful in systems that 
are not connected to a power grid, or as emergency power-supply if the grid fails.
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Due to the fact that a Genset needs fuel supply to ensure its performance, it is 
not a pure electric system, and it makes it useless for the purpose of this document.
2.7.3.2. Pure Electrical
Electric power, although a very convenient form of energy to distribute and use, 
cannot be easily stored on a large scale. Almost all electric power generated is 
consumed simultaneously in real time by the loads. However, various technologies are 
presently available to store energy on a relatively small scale. The electrochemical 
battery stores energy in the electromechanical form. Its energy conversion efficiency 
from electrical to chemical or vice versa is about 85%. 40 
Batteries used in shipping are big enough to fill a large compartment, because 
ultimately the physical size of a battery directly relates to the power it can produce. 
Batteries of this size use a variety of chemical processes, the two most common being 
lead-acid and lithium-ion. Both are robust, low cost, maintenance free and are 
considered safe with minimal risk of overheating. Lithium-ion batteries are favoured for
their energy density, with lead-acid being too large for propelling a vessel requiring
a significant electrical load.
A rechargeable battery is one whose electrochemical reaction is reversible. After 
a discharge, it can be recharged by injecting a direct current from an external source. In 
the charge mode, it converts the electrical energy into chemical energy. In the discharge 
mode, it is reversed. In both charge and discharge modes, about 15% of energy is 
converted into heat each way, which is dissipated to the surrounding medium. 
Therefore, the round trip energy conversion efficiency is about 70-75% of the rated 
power. 
2.7.3.3. Hybrid system
Hybrid propulsion refers to a combination of conventional propulsion and 
40 Shipboard Electrical Power Systems - Mukund R. Patel, CRC Press - Taylor & Francis Group – Page 
297 (2012)
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electric propulsion, with usually one or the other working at a time, but not 
simultaneously. It is used in a manner that optimizes the overall size, energy efficiency, 
and emission reduction of the power plant during one or more segments of ship 
operation. Hybrid propulsion is becoming more important in view of the environmental 
regulations being imposed on ships and ferries in busy ports and sea routes around the 
world in response to the rising public concern about emissions.
Advances in battery technology and energy management capability have rightly 
seen increasing interest in battery and hybrid power in the maritime industry, which has 
been reducing its fuel consumption in response to rising energy prices, even more so 
now to cut emissions as well. 
Even with the most energy-efficient diesel engine, a large oil tanker emits more 
than 300,000 tons of CO2 per year, equivalent to a medium-size coal power plant on 
land. And, there are more than 90,000 large ships in the world today. The industry has 
grown rapidly since industrial production has shifted away from the United States and 
Europe to China and south Asia, which means larger cargo travelling longer distances. 
Ships now carry more than 90% of the world’s trade by volume, and have tripled the 
total tonnage capacity since the 1980s.41
Electric and hybrid vessels with energy storage in large Li-ion batteries and 
optimized power control provide significant reductions in fuel consumption and 
emissions. Such solutions also enable reduced maintenance and improved ship 
responsiveness, regularity, operational performance and safety in critical situations. 
However, a maritime battery might be 10 - 100 times (or more) larger than a traditional 
electric vehicle battery. 42
The high energy content, combined with extreme charging and
41 Shipboard Propulsion, Power Electronics, and Ocean Energy  - Mukund R. Patel, CRC Press - Taylor 
& Francis Group – Page 261 (2012)
42 DNV GL Guideline for Large Maritime Battery Systems – Summary (2014)
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operational patterns, represents new challenges in relation to safety, reliability and 
service life.
2.7.3.4. Solution adopted
Since this project aims to implement a pure electric propulsion system, the main 
power supply system shall be conformed of two battery banks, one for each hull, and 
they will need power converters to adjust the voltage levels. Because of the need of 
recharging the batteries, it will require a shore connection with an appropriate rectifier.
All-electric ships and hybrid ships with energy storage in large batteries and 
optimized power control can give significant reductions in fuel costs, maintenance and 
emissions, in addition to improved ship responsiveness, regularity, operational 
performance and safety in critical situations. Today hybridization of ships can provide 
fuel savings of 20 - 30% with a payback time of 2 to 4 years.43
Further advantages can be checked on page 107 (2.8.3.1. Advantages of the 
battery banks system).
A power consumption forecast will be studied in the Annexes section (page 133 
– 3.2. EPLA (Electric Power Load Analysis)). Using it as a reference, the battery 
banks may be sized (3.4. Battery banks selection – Page 167).
2.7.4. Emergency power supply system
As it was stated previously, the emergency power supply system lies in the 
double electrical system. As both systems are interconnected, whenever one of them is 
out of performance, the other one would be able to supply the whole vessel, or at least 
part of it, allowing it to supply the motors in the worst case scenario.
43 DNV GL Guideline for Large Maritime Battery Systems –  Page 2 (2014)
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2.7.5. Motors
As it has been stated before, the motors should be electrical. None of the diesel-
engined motors must be selected, because it would put an end to the zero-emission goal.
Thus, the selected motor should present an electrical structure in order to be coherent 
with the rest of the system.
Among the electric motors, it is possible to find several types of them. The most 
common ones are the induction motor, the synchronous motor and the DC motor.
2.7.5.1. Induction motor
The most used motor in the industry is the induction motor, also known as 
asynchronous motor, due to its simplicity and the brushless structure. It has a rugged 
construction and besides, it is relatively cheap comparing with other types of motors. It 
is a type of AC motor.
2.7.5.2. Synchronous motor
The synchronous motor and the synchronous generator share the same 
construction, with the difference that the conversion of current and energy is reversed. 
The currents flowing through the 3-phase stator produce a magnetic field which rotates, 
as happened in the induction motor. Besides, a rotor coil shall have a DC current 
injected from outside through slip rings and brushes. This is what makes the 
synchronous motor more expensive than the induction motor, giving it also more 
maintenance necessities.
2.7.5.3. DC motor
The DC motor has some features that differs from the induction motor and the 
synchronous motor. In the DC motor, the armature and the field coils placement is 
reversed from those in the AC motors. In this case, the field coil is on the stator and the 
rotor contains the armature coil. The commutator and the brushes are the suppliers of 
the injected current in the rotor (armature). This kind of construction characteristics 
makes the DC motor expensive in terms of costs and maintenance. 
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2.7.5.4. Solution adopted
Despite of the high capital and maintenance costs, the DC motor is the most 
suitable type to our project. This is because of the using battery banks as the main 
power supply system. Using an AC motor would suppose new power converters to 
make the current appropriate for those motors, with the associated looses of power. 
Using a couple of DC motors, the required task would be summed up in adjust 
the output voltage produced by the batteries into the input voltage required by the 
motors. Thus, we would save not just power supplying, but also a significant amount of 
money. On the following section will be explained which DC motor has been selected 
(2.8.4. Motors – page 116).
2.7.6. Rectifiers
It was stated previously that the rectifier should be out of the vessel, and being 
installed at the quay, due to the high values of power that the batteries will require. It is 
because of this that it will be supposed that the rectifier comply with the requirements 
fixed by the electrical system of the vessel and it will not be calculated in this 
document.
Nevertheless, there shall be necessary a power rectifier to convert the 230 Vac 
voltage into the 24 Vdc required at the Bridge. This rectifier will be supplied by both of 
the electrical systems through a two position selector switch, and it will be placed at the 
Bridge in order to reduce the voltage-drop values. 
This rectifier must comply the power demands of the 24 Vdc devices, and it 
shall be able to supply the adequate amount of direct current required. The selected 
model can be checked at 2.8.5. Power rectifier – page 117.
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2.7.7. Inverters
Regarding with the power inverters there are several options that could fit with 
our system, and it depends specially on the input voltage. This means that we may set 
up the battery banks to produce different voltage levels.
The standard inverters used in the industry usually present a power converter 
capacity of 12 Vdc, 24 Vdc or 48 Vdc. Besides, the total power amount that they can 
handle is a parameter that must be taken into account as well. It would be possible to 
size a custom inverter as well, but as it is explained on the next paragraph, it is an option
that we don't consider useful to this project.
2.7.7.1. Solution adopted
As it will be shown on the Final results section (2.8.3. Main power supply 
system – page 103), the chosen battery bank is conformed of modules with a voltage 
window of 37,79 Vdc to 53,21 Vdc. This means that the rated voltage can be set as 48 
Vdc. This is what makes us choose a power inverter with a input voltage level of 48 
Vdc. 
It will be necessary as well to calculate the amount of power that these inverters 
shall convert, in order to choose the type that fits best with our requirements.
2.7.8. Interior lighting
There are several companies that offers a huge range of lighting systems to 
marine applications. But what is really important is set the type of lighting that the 
vessel would need for each room. There are several types, such as LEDs, downlights, 
floodlights, etc. We should, as well, take into account the exit emergency lights to guide 
the passengers through the vessel during an hypothetical dangerous scenario, as well as 
the exterior lighting and the “exit” signals.
2.7.8.1. Solution adopted
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For the rooms where the passengers are thought to stay (i.e. Entrance, Toilet, 
Passengers Room and Anteroom), the adequate lighting are the downlights type. This is 
because of the false ceiling that present those rooms. With this structure, the lightings 
would be easily installed, due to the space given by the false ceiling. 
On the other hand, for those rooms where the crew is expected to be or work (i.e.
the Bridge and the Engine Rooms & Electrical Compartments), the option that best fits 
with our requirements is the LED lightings. The Bridge shall count with a LED in a red 
colour that will be turn on just during night performances.
For the exterior lighting, we will use an outdoor lighting, and more specifically, 
a facade lighting that allows us to hang it at several points out of the rooms.
Regarding with the brands, the GLAMOX group is one of the most suitable 
possibilities that we could choose. It has a wide range of downlights depending on the 
characteristics that would be needed. Also, it works with LED types of lightings, as well
as exit emergency lightings and outdoor facades lightings, which makes it very suitable 
for the requirements presented in this document.
2.7.9. Ventilation
Ventilation system will be sized on the Annexes section based on the calculation 
of the airflow required for the adequate maintenance (3.2.1.4. Ventilation  – page 142). 
To achieve this goal, there will be used two different methods (one using the reference 
of “Air-conditioning and ventilation of machinery control-rooms on board ships - 
Design conditions and basis of calculations” UNE-EN ISO 8862 (1987), and the other 
one using the “15 renovations per hour” method). That one that gives the higher value 
of airflow will be chosen. 
Regarding to the fan system, it shall be chosen by using the amount of airflow 
requirements previously calculated in the SODECA software, which allows to select 
hundreds of models and upload bulk data into Excel.
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2.7.9.1. Solution adopted
For the fan system, the industrial standards set systems of 230 Vac or 400 Vac. 
For the purpose of the document, the 400 Vac system has no value or usefulness, due to 
the structure of electrical system in the vessel (i.e. battery banks which work in DC 
regime and whose power is transformer into 230 Vac through power inverters). Thus, 
the 230 Vac fans are those which are more suitable within this matter. In the Annexes 
section is shown what type of ventilation system recommends the SODECA software.
2.7.10. Switchboards
The switchboards must comply with some characteristics. They must be highly 
versatile, allowing the performance of several configurations suited to different 
installation structures within harsh climatic, space and service conditions. Within the 
distribution field, they must present characteristics related to the distribution 
switchboards, specially suited to the industrial field. 
The switchboards are a basic component in the electrical system. The selection 
of their characteristics and features requires a detailed analysis of the service conditions 
as well as the reliability that it must assure. In order to comply this chore, the significant
mechanical and electrical requirements that take place in such a limited space must be 
taken into account. The various issues that must be considered and that condition in a 
decisive way the geometrical sized of the switchboard are varied: environmental, 
electrical, thermic and mechanical.
2.7.10.1. Environmental and thermic issues
Based on the rule UNE EN 60439-1, we can define the standard conditions of 
service by setting the boundary environmental values within which must be assure the 
proper performance. It must be taken into account the following parameters: location, 
disposal, room temperature, relative humidity, height above sea level and the degree of 
pollution.
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2.7.10.2. Electrical issues
The electric scheme is decisive in the selection of the cabinet referring to its 
dimensions. Focusing just in the dimensional issues, the required space (i.e. the cabinet 
dimensions) can be easily calculated from its catalogue, which give us the dimensions 
of the switchgear. 
Nevertheless, there are several features that can determine the structure of the 
cabinet. Some of them are:
• Location of the input supply (i.e. from the bottom or from the top. Using cables 
or busbars).
• The required spaces in order to assure the inspection, verification and 
maintenance. 
The complete selection of the cabinet must take into account the electrical 
characteristics related to the section of the installation where it is going to be installed. 
These electrical characteristics are:
• Rated insulation voltage.




The cabinet must be sized to deal with the mechanical requirements that produce
short-circuit current. The cabinet must assure its electrical features up to their maximum
values.
2.7.10.4. Solution adopted
Finally, the chosen switchboard must comply with all the requirements explained
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before. There are several brands that offer suitable switchboard systems for marine 
applications. At the Final Results section will be shown the device selected (2.8.8.
Switchboards – page 121). 
2.7.11. Conductors
The electrical energy provided by the battery banks shall be transported to the 
place were the loads which are going to use it are situated. Such transport is carried by 
conductors, making them a part with great importance in this project.
Depending on the place and the situation where the conductors are going to be 
installed the conductors must fulfil several conditions.
Regulations made by classification societies study extensively this issue. The 
chosen society for this document DNV shall be used for the selection, calculation, and 
installation of the cables.
2.7.11.1. Constitution and selection 
As it is known, the conductor itself must be isolated and protected. The obtained 
set is called cable. Therefore, every cable shall be built by:
• One or more conductors.
• An electrical insulation.
• A mechanic protections.
• A cable core.
The cable core shall be responsible of the transport of electricity. It shall be 
constructed of a metal having the characteristics of high conductivity and ductility, as 
well as a reasonable cost.
None as copper meets those requirements. Moreover, both the regulation and 
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different standards specify the use of annealed pure copper. The conductivity must be at 
least 98% in the international annealed copper type, defined by the International 
Electrotechnical Commission (IEC). The maximum value of the resistivity is set at 
0.01759 Ω mm⋅ 2 / m. at 20 ° C. The copper conductors shall be tinned where it has to be 
in contact with rubber, as this is the material used for insulation.
2.7.11.2. Electrical insulation
There are several types of electrical insulation used in the protection of 
conductors. Generally, it is possible to summarize the insulation of the conductors in 
two ideas:
• The nature of the insulating enclosures must be based on the maximum 
temperatures of the cable cores.
• Within the same type of insulation, the thickness, spacing between conductors in
the same enclosure, etc. must be a function of the operating voltages.
Among the different names used to designate the different types of insulation, 
we have used the nomenclature provided by DNV in the following table.
For short-circuit conditions, the conductor cross-section of cables shall be 
sufficient to prevent the insulation from being damaged by high temperatures occurring 
by short-circuits at the cable end. The conductor temperature classes are given in IEC 
60092-351.
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Maximum rated conductor temperature °C 
Normal operation Short-circuit
a) Thermoplastic: 
- Based upon polyvinyl 
chloride or copolymer of 




b) Elastomeric or 
thermoset: 
– based upon ethylene-




 – based upon high 












 – based upon ethylene-
propylene rubber or similar




 – based upon high 









– based upon halogen-free 
silicone rubber
HF S 95 95
350*
 – based upon cross-linked 




* This temperature is applicable only to power cables and not appropriate for tinned copper 
conductors. 
Table 6: Insulation temperature during normal operation and short-circuit 44
PVC-insulated conductors without further protection may be used for installation
44 IEC 60092-351 – Page 7 (April 2004)
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in closed piping system in accommodation spaces, when the system voltage is 
maximum 250 V.
PVC-insulated conductors may be used for internal wiring of switchboards and 
other enclosures, and for control wiring installed in closed piping system. Other types of
flame retardant switchboard wires may be accepted for the same purpose. 
Due to brittleness at low temperatures, cables with PVC insulation and or 
inner/outer sheath, shall normally not be installed in refrigerated chambers, and holds 
for temperatures below -20°C, or across expansion joints on weather decks. Due to poor
mechanical strength, the use of silicon-rubber-insulated cables is limited to applications 
where a high temperature resistant cable is necessary (where the ambient temperature 
can be above 70°C).45
Electrical and mechanical characteristics shall comply with the specifications of 
Table 2, 3 and 4, respectively of IEC 60092-351.46 47
Figure 6:  Test requirements for electrical characteristics of insulating compounds
45 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 48 (July 2013)
46 DNV – Electrical Installations, Pt.4 Ch.8 Sec.9 – Page 90 (July 2013)
47 IEC 60092-351 – Page 8 (April 2004)
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Figure 7: Test requirements for mechanical characteristics of insulating compounds
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Figure 8: Test requirements for particular characteristics of insulating compounds
2.7.11.3. Mechanical protection
The insulating enclosures of the conductors shall be coated with one or more 
protective linings and envelopes, with armour. Usually, dimensional characteristics are 
not set, but it must be such as to enable the successful implementation of the required 
tests.
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There are metallic or non-metallic linings.
• Non-metallic:
◦ Synthetic rubber (polychloroprene) G2 and G3.
◦ Chlorosulfonated polythene H.
◦ Thermoplastic materials G5, G6 and G7.
◦ Textile materials.
• Metallic:
◦ Lead or lead-based alloy lining.
◦ Copper or copper-based alloy lining.
◦ Braided armour.
◦ Metal strips armour.
◦ Metal wires armour.
Braid and/or armour shall be separated from the core insulation by an inner non-
metallic sheath, by tape or fibrous braid or roving.
Irrespective of the metal used, the nominal diameter of the braid wire shall be in 
accordance with the following table:48
Diameter of core assembly under braid
(mm)*
Minimum diameter of threads in braid
(mm)**
D ≤ 10 0.2
10 < D < 30 0.3
D ≥ 30 0.4
* Diameter under braid is fictitious and calculated by the method of IEC 60092-350
** The “coverage density” of the braid shall be in accordance with IEC 60092-350.
Table 7: Nominal diameter of braided wire
48 DNV – Electrical Installations, Pt.4 Ch.8 Sec.9 – Page 91 (July 2013)
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Mechanical and particular characteristics of sheath materials shall comply with 
the specifications of Table II and III respectively of IEC 60092-359.
The temperature classes for the sheath material shall be at least 85 °C. Sheath 
materials shall be used in accordance with the following table. For cables intended for 
dynamic applications (flexible cables), other materials may be accepted. 49
Material Abbreviated designation
Thermoplastic:
— Based on polyvinylchloride or 
copolymer of vinylchloride and 
vinylacetate
ST2
— Halogen free SHF1
Elastomeric or Thermosetting:
— Based on polychloroprene rubber SE1
— Based on chlorosulphonated 
polyethylene or chlorinated polyethylene 
rubber
SH
— Halogen free SHF2
Table 8: Type of protective sheaths
2.8. Final results
Results will be shown in this section. Procedures are expressed and developed at
the calculation annex. 
2.8.1. Electric Power Load Analysis (EPLA)
The power values that will be required are calculated in this section. Those 
values allow us to lay out the wire sections, the protection mechanisms and energy 
49 DNV – Electrical Installations, Pt.4 Ch.8 Sec.9 – Page 91 (July 2013)
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contracting. For a better overview check the calculation annex.
Every electric device that works on the ship is studied in order to calculate the 
power forecast. A total power value is calculated as a sum of every single device power. 
Later, this value is fixed according to the simultaneity and utilization factors. Therefore 
the calculated power is the highest expected load which determines the structure of the 
installation. 
In this project, the resulting power reaches a value of 91788 W during the Top 
Speed condition and 44188 W during the Function condition.
2.8.2. Electrical distribution type
The chosen type shall be the “isolated neutral” type described on the previous 
section. This type of distribution and protection system is commonly used in ships 
because its greater reliability, since the grounding fault of one driver did not produce a 
fault current to ground so that the service is interrupted or cause damage staff.
The ground faults must be detected and corrected as soon as possible to maintain
this advantage. If a second ground fault occurs, there will be a selective disconnection 
of the affected part through over-current protection circuits maintaining the crew safety 
at all times.
The hull (ground) is only and exclusively connected to the protective ground of 
the devices, i.e. their housing and all parts that an operator may have access in the 
normal use of appliances.
This type of distribution and protection system is supported by the Classification
Societies, civil organizations and military rules.
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Figure 9: First fault scheme
2.8.3. Main power supply system
As it shall be a pure electric vessel, the main power supply system shall be 
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conformed by battery banks, which shall be charged from the quay electrical installation
through a battery charger. It will be necessary to size the banks in order to obtain 
enough time of electrical independence. Therefore, first will be necessary a power 
forecast so as to have knowledge of the amount of power required, and then, size the 
battery banks.
This battery charger must have potential enough to supply the battery banks, and
that can lead us to place it out of the vessel. Besides, it is necessary to size a proper 
conductor to supply the batteries with this method. 
Finally, the battery banks shall be connected in such a way that allow the motors 
work properly and be able at the same time to supply the rest of the loads. This means 
that the output voltage of the banks must fit with the required by the motors and at the 
same time with the power inverters that will supply the 230 Vac loads.
September 2015 | Memory Page 104
Figure 11: Block diagram of a generic battery bank system
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
 As shown in Figure 1150, the main components of the generic battery system are
the cells, the hardware needed for making battery modules and sub packs, the required 
components for thermal management, safety features as contactors and fuses, bus-bars 
and high voltage cabling, electronics, voltage and temperature sensors and low voltage 
cabling and connectors.
As it is shown in the Annexes section (3.4. Battery banks selection), the chosen
battery bank shall be the SAFT SEANERGY model. Its main characteristics make it fit 
with the demands of the vessel. As a modular system, SEANERGY can be scaled to 
meet any requirements up to 750 V. The modules are based on SAFT’s Li-ion Super 
Phosphate (SLFP) cell chemistry, which offers the advantage of improved high energy 
capability and optimized total cost of ownership when compared with standard Li-ion 
phosphate technologies. 
Their main technical specifications, which can be checked in its catalogue at the 
end of the Annexes section (3.10.1. Battery bank catalogue), are as follows:
• Nominal voltage (V): 647
• Capacity (Ah): 82
• Minimum energy (kWh): 50
• Nominal energy (kWh): 53
• Voltage window (V): 529 to 745
• Maximum charge voltage (V): 750
• Maximum discharge current (A): 180
• Nominal charge current (A): 45
• Recharge time (h): 2
This battery bank presents several characteristic curves that are represented in its
catalogue. This curves represents its discharge at various temperatures, at 25 ºC at 
50 DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014)
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various rates and its cycle capability.
Figure 12: Discharge at 25 °C at various rates
Figure 13: C/5 discharge at various temperatures
September 2015 | Memory Page 106
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
Figure 14: Cycle capability
2.8.3.1. Advantages of the battery banks system
Implementing a battery bank in each hull of the vessel instead of any other 
option available to supply the electrical system gives us several advantages that must be 
taken into account, reinforcing this type of electrical arrangement and making it more 
suitable for future applications.
One of the most important advantages due to the use of battery banks is the 
space-saving of the Engine Rooms and the Electrical Compartments. There shall not be 
any need to use machinery meant to allow other devices to work, such as fuel pump or 
oil pump, with the consequent saving of room above named.
Also, the lack of use of diesel machinery reduces the risk of fire or explosion at 
the machinery rooms. Those risks shall not completely disappear, but their decrease will
be meaningful.
By reducing the amount of machinery used another advantage may be taken into 
account, and that is that with less devices required to make the vessel work, there shall 
be less possibilities of lose one of them, with the consequently waste of money required 
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later on, and the wear of the machinery meant to restore the failure.
Space-saving due to the raw material required for the proper performance of the 
electrical system is another advantage that must be considered. There shall not be 
necessity of using fuel tanks, and thus less fire/explosion risks.
Noise reduction appears as an advantage as well, removing it from the diesel 
generators and fuel/oil supply systems. Battery banks are characteristic by their lack of 
noise production.
Compared to traditional batteries with water based electrolytes such as lead acid 
and nickel cadmium batteries, lithium ion batteries have two to eight times as much 
energy per weight unit. The high energy density as well as the use of a flammable 
electrolyte makes a safe design more challenging. Lithium based battery systems 
depend on a well designed and tested electronic control system for safe operations.51
Regarding to the SAFT SEANERGY battery bank, thanks to its modular 
construction, it is flexible to incoming changes or renovations, allowing the owner to 
adjust it according to the current demands.
2.8.3.2. Battery system design
When the ship building contract is signed, the responsibility and further design 
work is normally transferred to the yard. The yard prepares procurement packs for the 
various system components. It is recommended that potential battery providers are 
consulted at this phase.
Main priorities for a battery system for maritime applications are safety, 
reliability and sufficient life for the system to be economically feasible. All components 
in the battery systems must be of good quality to secure a safe and reliable system. The 
51 DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014)
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integration and testing of the complete battery system is of similar importance as the 
quality of its single components. It is recommended that a safety assessment of the 
battery space is initiated in the design phase.
It is crucial to fully understand the duty cycles of the application as well as 
understanding the key requirements of the application for battery selection and optimum
performance.
2.8.3.3. Li-ion battery cells
Li-ion based systems require that the voltage, current and temperature of each 
single cell in the system is monitored at all times. The voltage and current limits are 
temperature dependent. A proper system design requires that proper action can be taken 
if cell parameters are outside the manufacturer’s recommendation. To decrease system 
complexity, temperature monitoring can include some predicted values based on 
measurements for a group of cells. We recommend redundancy in systems when 
predictive or correlated temperature measurements are used. Cells connected in parallel 
will have the same voltage and cells connected in series the same current.
There are a large number of manufacturers of different variants of Li-ion cells. 
Cell chemistries are optimized for different applications. In some applications the main 
focus is on high energy density and low cost. For other applications a very stable 
chemistry and long life is the main focus. Other applications can have a focus on power 
capabilities for charge or discharge or the ability to accept high current pulses for charge
and discharge.
For maritime applications it is important to choose a cell with properties that can
provide an optimum combination of safety, life, performance and cost for the 
application in question. A thorough understanding of all these aspects is required by the 
team doing the battery system design. To ensure this understanding, independent cell 
testing or advice from independent third parties who have done neutral testing may be 
required.
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2.8.3.4. Battery Management System (BMS)
The electronic control system is frequently referred to as the Battery 
Management System (BMS). Voltage and temperature sensors are usually part of the 
module. It is recommended to consider some level of redundancy for these fundamental 
measurements, depending on the safety criticality of the system. The module may also 
include an electronic circuit board that controls the cells in the module via continuous
checks and assessments. A key principle when locating sensors is to make the system in 
such a way that malfunctioning sensors may be detected. The module level BMS is part 
of the total battery electronic system. 
The system may include additional sensor inputs such as current sensors and 
additional temperature sensors as well as other system specific sensors. It is 
recommended that each battery string has a separate current sensor in order to detect 
increased impedance that can lead to overheating. In addition, for systems containing a 
large number of strings, a group of strings can have a common current sensor. A 
“Master-BMS” usually controls the assembled battery system and communicates with 
the external power management system. It is crucial to ensure that the communication 
between the master BMS and the power management system for the actual application 
is properly specified for normal operation as well as for situations where a problem has 
occurred.
If a problem occurs in a battery system it may either be due to components or 
manufacturing failures. Software faults or inadequacies can also be a major source of 
problems. For problem solving and fault analyses it is important that all critical 
components in a battery system can be identified. All software and firmware version 
numbers and settings must be tracked. All critical components should have their unique
number which should be traceable from the manufacturer of the component to final 
installation in a battery pack. The pack supplier should administer the database 
identifying the components used for the different modules and packs.
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2.8.3.5. Fabrication requirements
Fabrication (manufacturing) requirements will vary substantially depending on 
the technology used. Some common requirements do however exist:52
• Product traceability.
• Cleanliness requirements.
• In-line and end-of-line (EOL) testing.
• Operator certification & training requirements.
• Health & safety regulations.
2.8.3.6. Cleanliness requirements
Battery systems are sensitive to contamination with materials that can initiate 
self-discharge, high impedance, loss of insulation or short-circuits. The cleanliness 
standards of the manufacturing facilities for each sub-assembly must address the risks 
associated with the sub-assembly in question. Sufficient internal separation of sub-
assembly areas as well as separation of assembly areas, workshop, or packaging areas 
are usually necessary for both safety and performance reasons.
2.8.3.7. Certification
Construction and assembly of battery systems frequently involve operations that 
potentially introduce risk to operators. National regulations usually specify the required 
operator training for different voltage levels. In addition, the battery system 
manufacturer and power system supplier should have operator certification & training 
requirements and schedules to ensure necessary operator and product safety as well as 
product consistency and performance.
2.8.3.8. Transportation
In order to ensure safety during transport, nearly all lithium batteries are required
52 DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014)
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to pass section 38.3 of the UN Manual of Tests and Criteria53 (UN Transportation 
Testing) which is identical to IEC 62281. Note that this UN regulation is the only 
mandatory set of regulation for lithium-ion batteries today (12-2013).
Tests 1-8 of this specification are as follows:
• T1 – Altitude Simulation (Primary and Secondary Cells and Batteries).
• T2 – Thermal Test (Primary and Secondary Cells and Batteries).
• T3 – Vibration (Primary and Secondary Cells and Batteries).
• T4 – Shock (Primary and Secondary Cells and Batteries).
• T5 – External Short Circuit (Primary and Secondary Cells and Batteries).
• T6 – Impact (Primary and Secondary Cells).
• T7 – Overcharge (Secondary Batteries).
• T8 – Forced Discharge (Primary and Secondary Cells).
2.8.3.9. Storage
When storing battery cells a certain degree of self-discharge is inevitable. This 
could be both reversible and irreversible. The higher the storage temperature and the 
higher the state of charge of the cells, the higher the losses will be due to increased 
impedance. Most manufacturer ship battery cells and system at around 50% state of 
charge. It is important that cells and modules are not stored for longer period in hot 
climate. If the average storage temperature or temperature during transportation is above
30 - 35 C, degradation due to calendar effects will accelerate. Considerations for ⁰
storage prior to installation shall also include appropriate temperature and SOC 
safeguards.54
2.8.3.10. Testing
53 Recommendations on the Transport of Dangerous Goods. Manual of Tests and Criteria. 5th Revised 
Edition, December 2009. Section 38.3 refers to “Lithium Battery Testing Requirements
54 DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014)
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The following tables55 show examples for the range of test procedures which can
be applied to a battery system for maritime applications by the battery system 
manufacturer. Some of these tests may be defined in the coming standard IEC62619 and
will be applicable for testing. The tests are distinguished between TT (Type Test) and 
RT (Routine Test). The definitions are as follows:
• Type Test (TT): Conformity test made on one or more items representative of 
the production.
• Routine Test (RT): Conformity test made on each individual item during or 
after production.
The tests typically apply to either cell, module, sub pack or the complete battery 
system (column DUT – device under test).
Figure 15: Battery system performance tests
Figure 16: Battery system electrical tests
55 DNV – “GL Guideline for Large Maritime Battery Systems” (March 2014) (Pages 11 – 13)
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Figure 17: Battery system environmental tests
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2.8.3.11. Operating and maintenance
The normal use of the batteries should be fully automatic. There should be no 
need for manual interaction.
A plan for systematic maintenance and function testing shall be kept on-board 
showing in detail how components and systems shall be tested and what shall be 
observed during the tests. The plan shall include:
• Verification of the State Of Health (remaining lifetime of the batteries).
• Test of all instrumentation, automation and control systems affecting the battery 
system.
• Test intervals to reflect the consequences of failure involving a particular 
system. Functional testing of critical alarms should not exceed 3 month 
intervals. For non-critical alarms, the longest intervals are normally not to 
surpass 12 months.
• Acceptance criteria.
• Fault identification and repair.
• List of the supplier’s service net.
Different battery systems will have different maintenance needs and 
maintenance recommendations. This should be included in the maintenance plan. 
Information about periodically testing should also be included in the vessels unmanned 
machinery space (E0) manual.
2.8.4. Motors
The chosen motor is an Elco EP-10000. The vessel shall count with two units, 
one in each hull. Its main characteristics are as follow:
 
• Boat size ranges: 15 – 26 meters.
• Horse power diesel equivalency: 100 h.p.
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• Suggested horsepower replacement range: 75 – 125 h.p.
• Peak kW: 73.5 kW.
• Continuous kW: 42.5 kW.
• Miles per gallon equivalency: 12 mpg.
• Length: 890 mm (35″).
• Width: 480 mm (18.82″).
• Height: 490 mm (19.25″).
• Weight: 336 kg (740 lbs).
• Cruising speed: 7 – 9 knots.
• Cruising time: 6 – 2 hours.
• Cruising range: 34 – 18 nm.
• Recharging time standard charger: 3 – 4 hours.
• Recharging time quick charger: 2 – 3 hours.
• Number of 12 volt 8-D batteries (245 Ah): 12 batteries.
• Battery bank voltage in total: 144 Vdc.
• Amps (maximum): 295 A.
Its catalogue is added at the end of the Annexes section, on page 302 (3.10.2.
Motor catalogue).
2.8.5. Power rectifier
The battery charger chosen for this document is the MASTERVOLT Mass 24/75,
whose specifications are listed as follows:
• Nominal output voltage: 24 V.
• Total charge current: 75 A.
• Number of battery outlets: 1
• Battery capacity range: 150-750 Ah.
• Nominal input voltage: 230 V (180-265 V), 50/60 Hz.
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• Supplies your system without battery: Yes.
• Display/read-out: LED display.
• Dimensions, h · w · d: 420 x 318 x 130 mm.
• Weight: 7.7 kg.
• Charge voltage Bulk: 28.5 V.
• Charge voltage Absorption: 28.5 V.
• Absorption time: 4 hours.
• Power consumption (DC side): < 1 mA.
• Full load consumption (230 V AC): 2600 W.
• Power factor control: > 0.95
• Temperature range (ambient temp.): -25 °C to 80 °C, derating > 45 °C.
• Protection degree: IP23.
2.8.6. Power Inverter
The chosen inverter to convert the power from the battery banks for the 230 Vac 
network is the VICTRON ENERGY QUATTRO. Due to the structure of the electrical 
system, it must be used in both hulls. Its main characteristics, which can be checked in 
its catalogue (page 303 –  3.10.3.1. VICTRON ENERGY QUATTRO), are shown on 
the following list:
Output Specifications:
• Continuous Output Power: 8000 Watts.
• Output Waveform: Pure Sine 230Vac.
• Nominal Efficiency: 95% (Peak).
• Output Frequency: 50 Hz ± 1%.
Input Specifications:
• Nominal Input Voltage: 38 – 66 Vdc.
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Dimensions:
• Unit Weight: 45 kg.
• Unit Size L x W x H: 470 x 350 x 280 mm.
2.8.7. Interior lighting
The vessel counts with a staves false ceiling, which is useful for covering cable 
trays and pipes, and for the set up of lightings inside the gaps of the ceiling. Thus, the 
downlight luminaires are the most suitable type of lightings within this project. 
The GLAMOX group offers a wide range of downlights luminaires which are 
specially thought to perform in naval duties. Thus, the interior lighting of the vessel 
shall lie on this brand.
On the other hand, the Bridge, the Engine Rooms and the Electrical Rooms have
requirements which make the LED type the most suitable. The GLAMOX group has 
also several luminaires which can do a proper performance.
For external lighting, GLAMOX offers also a variety of external facades 
luminaires that fits with the requirements of this project. They have a wide range of 
emergency lighting too that can be used.
For the Passengers room, as well as the Entrance, the Toilet and the Anteroom, 
the chosen lighting is a GLAMOX CASA 16 113F SI, which technical data are as 
follows:
• Lamp power (W): 13
• Total consumption (W): 19
• Diameter (mm): 160
• Width (mm): 176
• Height (mm): 100
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• Length (mm): 419
• Maximum ambient temperature (°C): 25
• IP classification: 22






Table 9: Amount of  GLAMOX CASA 16 113F SI
At the Bridge, the Engine rooms and the Electrical rooms, the chosen lighting is 
a GLAMOX i70-1200 LED 4500 DALI 840, which technical data are as follows:
• Total consumption (W): 50
• Diameter (mm): 160
• Width (mm): 170
• Height (mm): 75
• Length (mm): 1194
• Maximum ambient temperature (°C): 45
• IP classification: 66/67
Room Amount Power (W)
Bridge 1 50
Engine Room (x2) 2 100
Electrical compartment (x2) 2 100
Total 5 250
Table 10: Amount of GLAMOX i70-1200 LED 4500 DALI 840
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The exterior lighting will be arranged using the GLAMOX JET 7 model, which 
is an outdoor facade lighting. Its main characteristics are as a follows:
• Total consumption (W): 433
• Width (mm): 195
• Height (mm): 580
• Length (mm): 426
• IP classification: 65
For the emergency lighting, the chosen type is the GLAMOX E85-S as well as 
the GLAMOX E80-S for the “exit” indication. 
All the catalogues are added at the end of the Annexes section (3.10.5.
Luminarie catalogues – page 310).
2.8.8. Switchboards
In this section will be explained the performance of each switchboards, recalling 
that it must have the same structure in both hulls.
Motor switchboard (144 Vdc):
This switchboard is responsible of supplying the motor from the 3x4 modules of 
the battery banks. As it was previously explained, the battery bank is sized to supply the
144 Vdc switchboard as well as the 48 Vdc. This switchboard shall count with the 
suitable protections. It must have an interconnection with the same switchboard placed 
in the other hull.
Main switchboard (48 Vdc):
This switchboard is responsible of receiving the energy coming from the 48 Vdc 
battery bank and deliver it to the 230 Vac switchboard through the power inverter. It 
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shall be placed close to the battery bank, in the Electrical Room. It shall comply with all
the requirements set by the classification society, referring to location, position, tests 
and applicable regulations explained in the Terms and Conditions section.
Ship services switchboard (230 Vac):
This switchboard is responsible of receiving the energy coming from the power 
inverter and deliver it to the one-phase loads as well as to the rectifier converter 
responsible of supplying the 24 Vdc devices of the Bridge and also to its 230 Vac 
switchboard. The Bridge shall be supplied by both electrical systems through a two 
position selector switch.
Depending on the system that we are developing, the switchboard shall be 
placed at one of the corners of the room that it is supplying, and in the opposite side of 
the other one. For this purpose, the switchboards shall comply with all the demands 
stated at the Terms and Conditions section, referring to location, position, tests and 
applicable regulations. 
The switchboard shall count with all the switch-gears required for the protection 
of the loads connected to it, as well as the voltage, current, frequency and power meters,
complying as well with all the demands stated at the Terms and Conditions section.
It must have an interconnection with the same switchboard placed in the other 
hull.
Bridge devices switchboard (24 Vdc):
This switchboard is responsible of receiving the energy from both 230 Vac 
systems, through the above mentioned two position selector switch. It shall be placed at 
the Bridge, and it must comply with all the requirements set by the classification 
society, referring to location, position, tests and applicable regulations explained in the 
Terms and Conditions section.
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The Bridge devices switchboard must deliver direct current to all the devices 
working at the Bridge, and shall count with all the switch-gears required for the 
protections of the loads, as well as voltage, current and power meters, complying with 
the regulations explained in the Terms and Conditions section.
Emergency switchboard:
As it has been explained previously, the vessel shall not have an specific 
emergency system, but a interconnection with the electrical system in the other hull. So 
when a failure happens, the interconnection must be able to supply the load of the whole
system.
Solution adopted:
For this project, we have chose a LEGRAND XL3 160. Its characteristics can be 
checked at the Annexes section (3.10.9. Switchboard catalogue – page 340).
2.8.9. Conductors
In order to fulfil the requirements established by the Classification Society, the 
conductors that have been selected to this task are EXZHELLENT – MAR Rdt from 
GENERAL CABLE, whose catalogues are added at the end of the Annexes section 
(page 320 – 3.10.6. Conductor catalogues). The main characteristics of those 
conductors are, as they are specified on the catalogue, the following ones:
• Conductor: annealed copper, stranded class 5.
• Insulation: halogen free cross linked polyethylene (hf xlpe) iec 60092-351.
• Inner covering: halogen free thermoplastic polyolefine (optional).
• Outer sheath: halogen free thermoplastic polyolefin.
These are flexible cables for marine applications with special performance
of flame spread and low emission of smoke and fumes.
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2.9. Planning
Using a table, it shall be arranged chronologically every activity thought to be 
performed referring to its length in days. All machines shall be tested onboard, after 
installation, so that acceptable starting and running performance are verified with full 
capacity of driven equipment, alternatively full generator load.56
Activity Description Length (days)
1 Batteries installation 5
2 Motors installation 3
3 Power Inverters installation 3













8 Extractor Fans installation 3
9 Bilge Pump installation 3
10 Wires installation 5
11 Interconnections 3




The following list sets the priority order between the documents of the project, 
based on the UNE 157001 rule:
• Blueprints
56 DNV – Electrical Installations, Pt.4 Ch.8 Sec.5 – Page 77 (July 2013)
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• Terms of references
• Budget
• Memory
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3.1. Introduction
This document aims to study the development of a zero-emission propulsion 
system in a double hull vessel. Therefore, calculations must have to be made in order to 
size and fixed every requirement referred to the subject matter. 
When we call it a zero-emission propulsion system, it is assumed that we are 
working with a pure electric propulsion system. This compels us to develop a complete 
study of the whole electric system that shall work in the vessel, in order to size it 
properly and adapted to the propulsion requirements.
It shall be necessary to calculate a detailed power forecast of all the loads and 
consumers of the system. Some of them, such as lighting or ventilation, shall require an 
independent study. Once that this power prevision has been calculated, we will be able 
to size the battery banks required for the electrical independence of the vessel. 
3.2. EPLA (Electric Power Load Analysis)
In order to calculate the power forecast, it is necessary to know all the electrical 
devices installed, and with their rated powers obtain the total value. Once every device 
is determined, an Excel file will be created, and it shall contain the power balance with 
all the necessary data. The total value shall be the sum of every single power value. This
sum shall be composed of different groups, laying on the several rooms. It is possible to 
distinguish between the following rooms:
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Figure 19: Rooms scheme
Those divisions are made following the criteria of a better understanding due to 
the structure of the ship. The area of every room is represented on the following table, 
which is divided in both decks:








Engine room (x2) 5,88 (x2)




Void compartment (x2) 5,78 (x2)
Table 12: Planning
In order to select the battery bank that suits the most with the vessel structure 
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and its requirements within the power consumption, it will be necessary to gather the 
sum of the total power consumption, i.e. both 230 Vac and 24 Vdc networks, as well as 
the motors. Due to that, on the following sections will be calculated every consumer in 
both networks, and then the battery banks capacity shall be obtained. The load 
consumption shall differ depending on the condition in which the vessel is (i.e. Shore, 
Function, Top Speed...), and therefore load factors shall be used, referring to the 
situations described in 2.6.7. Operating conditions (page 43).
3.2.1. 230 Vac power forecast
In this section, every load that is connected to the 230 Vac network will be 
studied, in order to know its consumption when the electric factors are applied. 
3.2.1.1. Interior lighting
In order to calculate the interior lighting that fits with the required parameters, 
the DIALux software shall be used. Within this software, every room that needs 
lightings shall be defined using its measures of surfaces. As a result, a new 3D 
simulation of the rooms is generated. We must comply with the requirements stated at
2.6.18. Lighting conditions (page 51).
DIALux shall calculate the amount of lightings that every room needs, using as a
reference the values of Em (average illuminance) and UGR (upper limit for direct glare) 
given by the document “Lighting of indoor workplaces” EN-12464-1 (June 2011). 
Nevertheless, some rooms, like the Toilet and the Entrance, due to their own features, 
could not fulfil every requirement, because their size (Toilet) or the lack of walls 
(Entrance)
First of all, we will define the parameters which have a performance within this 
calculation.
• Illuminance (E): Describes the quantity of luminous flux falling on a surface. It
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decreases by the square of the distance (inverse square law). Its unit is Lux (lx).
Illuminance: E(lx) =
luminous flux(lm)
        area (m2)
• Unified Glare Rated (UGR): Is the upper limit for direct glare. The UGR value
calculated in the design process must lie below the following formula:









• Lb: Background luminance
• L2: Every luminance in the room squared
• ω: The solid angle of the luminaire from the viewer's position
• p2: Guth index, value which defines its phase-angle shift
• UO: Is the ratio between the lowest (Emin) and the main illuminance level (Ē) in 
the area that is evaluated. The result is a minimum level.
It is necessary to define what type of task or activity is supposed to be performed
in every room, so as to know the values of illuminance and UGR required. Referring to 
“Lighting of indoor workplaces” EN-12464-1 (June 2011), the following table may be 
fulfilled. 
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Bridge - - - -
Engine Room - - - -
Electrical Room - - - -
Table 13: Illuminance requirements57
The Bridge, the Engine Rooms and the Electrical Rooms shall not follow 
specific requirements, due to its size and the necessity of facilitate the performances of 
the operators. 
As it was defined previously at the Memory, the Bridge shall count with one 
white LED up to 300 lux during the day and one red LED up to 20 lux at night. The 
Engine Rooms and Electrical Rooms shall have at least two LEDs each one, placed at a 
low level, in order not to disturb the operators.
As it was stated previously at the Memory, the lightings of the Entrance, Toilet, 
Passengers Room and Anteroom shall be downlights, in order to take advantage of the 
57 “Lighting of indoor workplaces” EN-12464-1 (June 2011)
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ceiling. On the other hand, the Bridge, the Engine Rooms and the Electrical Rooms 
shall count with LED luminaires placed at a low level in order not to glare the operators.
The limited space of the machinery rooms makes a good reason as well to put the LEDs 
at a low level.
Thus, DIALux is able to calculate the conditions in every room. The UGR levels
may be calculated only at the rooms that have an squared structure. Besides, in rooms 
like the Bridge, the Engine Rooms and the Electrical rooms it is not necessary to 
calculate it. The results obtained by DIALux shall be shown at the of this Annexes 
section (3.9. DIALux results – page 278).
A number of fundamental conclusions can be drawn from the pages previously 
referred:
• The luminaires of the Entrance have a characteristic structure which does not fit 
with the symmetrical arrangement. That is due to the fact that it is an outdoor 
room, so its luminaires shall be placed in a aesthetically way.
• The UGR levels of the Toilet (19 at its peak) do not fulfill the requirements (25).
This can be ignored due to its size. There is no point in adding more luminaires 
in such a small room.
• The UGR levels of the Passengers Room are 22 at its peak, which does fulfill 
the requirements, as the Illuminance levels do as well (212 lx as average).
• The luminaires of the Passengers Room were modified from the original 
arrangement. The staggered pattern was used, in order to adjust the illuminance 
for the seats structure. Thus, the corridors shall count with a luminaires lines 
over them, as well as the seat lines.
• Although the Anteroom has a non-squared structure, its luminaires does follow a
symmetrical arrangement. Nevertheless, this non-squared structure does not 
allow the software to calculate its UGR levels.
• The Bridge counts with a LED at its ceiling, which shall be used mainly at night 
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and preferably in a red colour.
• Both Engine Rooms have the same illuminaire arrangement: Two LEDs placed 
in a staggered way at the bottom. Thus, the operators would be able to work in a 
proper way.
• Both Electrical Compartments have the same illuminaire arrangement: Three 
LEDs placed at the ceiling, allowing a proper performance from the operators.
We can sum up the previous results in the tables below:
Room Amount Power (W)
Entrance 9 171
Toilet 2 38
Passengers Room 24 456
Anteroom 11 209
Total 46 874
Table 14: Amount of  GLAMOX CASA 16 113F SI
Room Amount Power (W)
Bridge 1 50
Engine Room (Port) 2 100








Table 15: Amount of GLAMOX i70-1200 LED 4500 DALI 840
3.2.1.2. Emergency lighting
DIALux allows us to calculate the emergency lighting required too. For this task,
we will use the GLAMOX E85-S. Their task shall be to indicate the exit way to the 
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passengers and the crew in case of emergency situation. 
This luminaires should count with an independent circuit distribution in every 
switchboard, as it is state at 3.3. Circuit distribution (page 156), and they may be 
grouped in the same one due to their low power demands. They must, as far as possible, 
do not disturb the installation of the interior lighting.
Every room in the vessel shall count with a emergency lighting network. Once 
again, their distribution can be checked at page 289, 3.9.2. DIALux – Emergency 
lighting.
The amount of luminaries used to the emergency lighting are summed up in the 
following table:
Room Amount Power (W)
Entrance 5 25
Toilet 2 10
Passengers Room 8 40
Anteroom 7 35
Bridge 2 10
Engine Room (Port) 2 10








Table 16: Amount of GLAMOX E85-S
Besides, the Bridge, Anteroom and the Passengers Room shall have emergency 
exit signals in some of their doors. For this task, we have choose the GLAMOX E80-S.  
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They work with their own batteries and are not essential for the power forecast of this 
document.
The catalogues of every lighting named here can be checked at the end of the 
Annexes section, from page 310 onwards (3.10.5. Luminarie catalogues). 
3.2.1.3. External lighting
For this task, we will use the GLAMOX JET 7. The external lighting will be 
implemented as a single circuit connected to the Bridge 230 Vac switchboard, and it will
use 7 luminaries distributed among the exterior of the vessel. 
Once that every lighting has been calculated, we have to obtain the total power 
value. As it is shown in the tables, the total power values reaches values of 874 W, 550 
W and 180 W. However, it is necessary to apply load factors in order to obtain the actual
power value that shall be used. In order to obtain this, the document from Naval Sea 
Systems Command “Electric power load analysis (EPLA) for surface ships” DDS 310-1
REV 1 shall be checked by using the load factors recommended in each situation.58
Device Load LF Essential LF Shore LF Function LF
Top
Speed
Downlight 874 0,6 524,4 0,4 349,6 0,6 524,4 0,6 524,4
LED 550 0,9 495 0,9 495 0,9 495 0,9 495
Emergency 180 1 180 1 180 1 180 1 180
External 3031 0,1 303,1 0,2 606,2 0,2 606,2 0,2 606,2
Total 4635 - 1502,5 - 1630,8 - 1805,6 - 1805,6
Table 17: 230 V luminaires load factors
Emergency lighting shall be used only during emergency situations. 
Nevertheless, it shall be constantly supplied in order to maintain their batteries charged 
58 Naval Sea Systems Command “Electric power load analysis (EPLA) for surface ships” DDS 310-1 
REV 1 – Appendix A (September 2012)
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and ready to work in any situation.
The most restrictive value is 1199,4 W, i.e. 1,20 kW. This value will be later 
necessary to calculate the power needed on the 230 Vac system.
PL = 1805,6 W
3.2.1.4. Ventilation 
Some of the rooms that compose the vessel have electrical devices which may 
produce dangerous gases or significant heat emissions. Specifically, those rooms are the 
Engine Rooms and the Electrical Rooms. 
Due to that, a ventilation system must be designed in order to maintain the 
proper values of temperature and pureness in the air.. To achieve this goal, an adequate 
amount of airflow shall be calculated, complying with the requirements stated on
2.6.22. Ventilation (page 54).
There are several methods to understand and calculate the amount of airflow 
required in each room, depending on the heat produced by the devices and the number 
of air renovations per hour. Because of that, different values may be calculated. 
Nevertheless, we will implement the “15 renovations per hour” method due to its 
simplicity. Each room shall be studied separately (both Engine Rooms and Electrical 
Rooms have equal structures). Nevertheless the procedures shall be equal. 
The “15 renovations per hour” method lays on the fact that a minimum times of 
air renovation shall take place inside the room. Once that the number of renovations per 
hour is known, the amount of air flow needed can be calculated.
If V represents the volume of the room, i.e. width · heigth · length, and N is the 
number of renovations per hour, the minimum air flow Q is:
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Q̇ =V · N
At this point, it is necessary to know the volume of every room under 
consideration. Once that all of them are known, we can proceed with the air flow 
calculation.







4,53 1,30 1,65 9,72 145,8
Electrical
Compartment
4,53 1,29 1,65 9,64 144,6
Table 18: Volume and airflow calculation
Once that all the air flows required are calculated, it is time to calculate electric 
power of the fans. In order to achieve this, it is mandatory to obtain the effective power. 
The next formula is used to calculate it:
P ef = Q̇ · p
Where:
• Pef: Effective power (W)
• p: Pressure to overcome the friction of the fans (Pa)
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The standard value to overcome the friction of the fans is 500 Pa. So it give us 
the following results for each pair of rooms:
• Engine Rooms: P ef1 =
145,8 · 500
3600 → Pef1 = 20,25 W
• Electrical Rooms: Pef1 =
144,6 · 500
3600 → Pef1 = 20,08 W
Finally, the electric power of the fans is calculated joining the previous value 




η f · ηm
Where:
• Pe: Electric power (W)
• ηf : Fan performance
• ηf : Motor performance
The performance values may be, as a reference, 0,7 for the fan performance and 
0,8 for the motor performance. Thus, the following results can be extracted from the 
previous formula.
• Engine Rooms: P e1 =
20,25
0,7 · 0,8 → Pe1 = 36,16 W
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• Electrical Rooms: Pe2 =
20,08
0,7 · 0,8 → Pe2 = 35,86 W
Finally, in order to choose a suitable fan which fulfils every requirement 
previously calculated, we will use the SODECA QuickFan Selector software, which 
bring us a wide range of industrial fans. 
Within this software, the selected fan for both pair of rooms is the NEOLINEO-
100-Q, whose characteristics are represented on the following table:
NEOLINEO-100-Q characteristics
Maximum airflow (m3·h-1) 200,00/168,98
Speed (rpm) 2450/2070
Weight (kg) 1,20
Peak Power (kW) 0,02/0,01
Hz/phases 50/1
Peak Current (A) 0,07/0,05
Table 19: Fan characteristics
Some of its features are as follows:
• Fan:
• Self-extinguishing plastic enveloping.
• External terminal box with varying position.
• Motor:
• Ball bearing motors, IPX4 protection, with two adjustable speeds.
• Single-phase 220-240 V 50/60 Hz.
• Working temperature: -10ºC → +60ºC.
• Surface:
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• White self-extinguishing plastic.
Its dimensions and its blueprint are as follows:
Figure 20: Fan dimensions
Figure 21: Fan dimensions 2
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Where:
• A: 231 mm
• B: 156 mm
• C: 174 mm
• C1: 82 mm
• C2: 152 mm
• ØD: 96 mm
• E: 95 mm
The characteristic and acoustic curve for 145 kg·m-3 is represented on the 
following graph, whose parameters are gathered as follows:
Operating Point 1 PS
rpmmax 2450 2450
Q (m3·h-1) 178,03 150,42
Pe (mmca) 1,5474 1,1046
Pd (mmca) 2,4281 1,7333
Pt (mmca) 3,9755 2,8379
Speed (rpm) 2450 2070
Maximum Temperature (ºC) 60 60
Air Speed (m·s-1) 6,30 5,32
Table 20: Characteristic and acoustic curve parameters
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Figure 22: Characteristic and acoustic curve of the fan
Once that we have their peak values, we can adjust their values with the 
electrical factors, that are represented on the following table and that must be summed 
















Fan 1 20 0,9 18 0,2 4 0,9 18 0,9 18
Fan 2 20 0,9 18 0,2 4 0,9 18 0,9 18
Fan 3 20 0,9 18 0,2 4 0,9 18 0,9 18
Fan 4 20 0,9 18 0,2 4 0,9 18 0,9 18
Total 80 - 72 - 16 - 72 - 72
Table 21: Fan load factors
As it is shown, 72 W is the value more restrictive, and it must be added to the 
230 Vac power forescast.
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PF = 72 W
3.2.1.5. Electric plant and auxiliary systems consumption
In this section we will encompass those devices which have an specific 
performance within the electric plant, and also, those whose operation is involve with 
the previous one. 
Firstly, single-phase sockets which shall be used are listed on the following 
table. It is assumed that its rated power value is 100 W. It shall be distinguish between 
both floors. 




















Table 22: Single-phase sockets
Furthermore, sockets also needs their load factors in order to obtain a realistic 
power consumption.
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LF Top Speed 
(W)
4600 0,1 460 0,2 920 0,2 920 0,2 920
Table 23: Load factors of sockets
PS = 920 W
Besides, within the electric plant we can find the battery rectifier, which power 












LF Top Speed 
(W)
2600 0,6 1560 0,4 1040 0,6 1560 0,6 1560
Table 24: Battery rectifier load
PBR = 1560 W
So, the electric plant shall have a consumption which will be the previous values
summed up:
PEP = PS + PBR 
PEP = 920 + 1560
PEP = 2480 W
Within the auxiliary systems consumption we will find the fans previously 
calculated for ventilation as well as the air conditioning system, which has been used as 
a baseline date regarding to the surface of the Passengers Room (i.e. due to the fact that 
the Passengers Room has a surface of 60,27 m2, it will need an air conditioning system 
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that reaches approximately 2 kW of power consumption). Thus, the power consumption 















2000 0 0 0,8 1600 0,8 1600 0,8 1600
Table 25: Air conditioning system load
PAC = 1600 W
This value, summed up with the fans load previously calculated, will show us 
the auxiliary systems total consumption:
PAS = PF + PAC
PAS = 72 + 1600
PAS = 1672 W
3.2.1.6. Outfit & furnishing consumption 
Besides, it will be necessary to include other components, as a LCD TV, a sound 
amplifier, an air conditioning system, etc. for the enjoyment and comfort of the 
passengers. These elements have used as a baseline data, as well as their rated power 
consumption. They are gathered, together with their load factors, in the table below:
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LCD TV 52 0,1 5,2 0,1 5,2 0,5 26 0,5 26
Amplifier 480 0,1 48 0,1 48 0,5 240 0,5 240
Water heater 750 0 0 0,2 150 0,2 150 0,2 150
Total 1282 - 53,2 - 203,2 - 416 - 416
Table 26: Leisure components and load factors
PLC = 416 W
3.2.1.7. 230 Vac power forecast
To obtain the total power value that shall be required at the 230 Vac network, it 
in necessary to gather every consumer within this network. With the total value, it will 
be possible to determine how much power shall need this network system. This task 
may be fulfilled summing up every load calculated at the previous sections.
P230Vac = PL + PEP + PAS + PLC
P230Vac = 1805,6 + 2480 + 1672 + 416
P230Vac = 6373,6W
As it has been calculated, the 230 Vac network system will require 6,3736 kW of
power supply from the battery banks. This parameter will be important during the 
selection of the power inverters.
3.2.2. Direct current networks power forecast
Now it is time to calculate the required power supply in the Direct Current 
networks, which includes the devices in the Bridge as well as the propulsion machinery. 
The following sections will calculate those loads.
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3.2.2.1. 24 Vdc network power forecast
To obtain the total power value that shall be required at the 24 Vdc network, it 
shall be necessary to gather every load within this system.












Table 27: 24 V loads
As it is shown, the total power value is 2610 W, i.e. 2,6 kW. However, it is 
necessary to apply load factors in order to obtain the real power value that shall be used.
In order to obtain this, the document from Naval Sea Systems Command “Electric 
power load analysis (EPLA) for surface ships” DDS 310-1 REV 1 shall be checked in 
order to use the load factors recommended for each operating condition.
Therefore, the new power value will be determine by the use of the following 
power factors:
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100 0,9 90 0 0 0,9 90 0,9
90
Anemometer 100 0,9 90 0 0 0,9 90 0,9 90
Navigation &
signal lights
600 0,6 360 0 0 0,6 360 0,6
360
Searchlight 900 0 0 0 0 0,2 180 0,2 180
DGPS 10 0,9 9 0 0 0,9 9 0,9 9
Electromagnetic
log








400 0,4 160 0,1 40 0,7 280 0,7
280
Radar 300 0,8 240 0 0 0,8 240 0,8 240
Total 2610 - 1139 - 60 - 1409 - 1409
Table 28: 24 V loads factors
The greatest power required at the Bridge happens during the function situation. 
As it shown, this value is up to 1409 W.
P24Vdc = 1409 W
3.2.2.2. 144 Vdc network power forecast
The total power forecast referring to the propulsion machinery lies on both 
electric motors, which have been selected previously, and which rated value is 42,5 kW 
each one. 
Now, applying the load factors in each situation, we will obtain the actual value 
during the different operating conditions
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LF Shore (W) LF Function (W) LF
Top Speed (W)
42500 0 0 0 0 0,4 18700 0,4 42500
42500 0 0 0 0 0,4 18700 0,4 42500
Total - 0 - 0 - 37400 - 85000
Table 29: Motors load consumption and factors
As it is shown, the highest power requirement within the motors is 85 kW.
P144Vdc = 85000 W
3.2.3. Total power forecast
Finally, the total power forecast shall be the sum of the 230 Vac power 
consumption and the 24 Vdc power consumption. 
P = P230Vac + P24Vdc + P144Vdc
P = 6373,6 + 1409 + 85000
P = 92782,6  W
We can sum it up on the following table:
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1,282 0,053 0,203 0,416
0,416
TOTAL 102,807 5,587 5,470 45,183 92,783
Table 30: Power forecast
3.3. Circuit distribution
Now that every load has been defined, it is time to arrange the circuits that shall 
take place in the system. This distribution will help us to further calculations, like the 
type of conductor required or the selection of the switch in every circuit.
As it can be checked, we have grouped several units within the same circuit, 
whose voltage-drop and maximum current shall comply with the Classification Society 
demands. This parameters will be prove later. 
Despite of the power factors applied during the power forecast of the ship, it 
shall be necessary to size the conductors as well as the protections for a full load 
consumption of the circuit. Socket circuits have a non-specified rated power 
consumption because of its dependence to the selected cross-section.
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3.3.1. Passengers Room
Passengers Room (Port Switchboard)







Sockets Circuit 1 C1 6 - - 230
Sockets Circuit 2 C2 7 - - 230
Lighting Circuit 3 C3 6 114 0,5510 230
Lighting Circuit 4 C4 6 114 0,5510 230
Emergency
Lighting
Circuit 5 C5 4 20 0,0970 230
Table 31: Passengers Room (Port Switchboard circuits)
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Passengers Room (Starboard Switchboard)







Sockets Circuit 6 C6 6 - - 230
Sockets Circuit 7 C7 7 - - 230
Lighting Circuit 8 C8 6 114 0,5510 230
Lighting Circuit 9 C9 6 114 0,5510 230
Emergency
Lighting
Circuit 10 C10 4 20 0,0970
230
Table 32: Passengers Room (Starboard Switchboard circuits)
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3.3.2. Entrance & Toilet
Entrance & Toilet (Port Switchboard)









Circuit 11 C11 3 - - 230
Lighting (Entrance) Circuit 12 C12 4 76 0,3670 230
Lighting (Toilet) Circuit 13 C13 1 19 0,0920 230
Emergency
Lighting (Entrance)
Circuit 14 C14 3 15 0,0720 230
Emergency
Lighting (Toilet)
Circuit 15 C15 1 5 0,0240 230
Extractor Fan Circuit 16 C16 1 110 0,6000 230
Air Conditioning 1 Circuit 17 C17 1 1000 5,4350 230
Table 33: Entrance & Toilet (Port Switchboard circuits)
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Entrance & Toilet (Starboard Switchboard)









Circuit 18 C18 3 - -
230
Lighting (Entrance) Circuit 19 C19 5 95 0,4590 230
Lighting (Toilet) Circuit 20 C20 1 19 0,0920 230
Emergency
Lighting (Entrance)




Circuit 22 C22 1 5 0,0240
230
Air Conditioning 2 Circuit 23 C23 1 1000 5,4350 230
Table 34:  Entrance & Toilet (Starboard Switchboard circuits)
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3.3.3. Anteroom
Anteroom (Port Switchboard)







Sockets (Anteroom) Circuit 24 C24 2 - - 230
Lighting
(Anteroom)




Circuit 26 C26 3 15 0,0720 230
Table 35: Anteroom (Port Switchboard circuits)
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Anteroom (Starboard Switchboard)







Sockets (Anteroom) Circuit 27 C27 2 - - 230
Lighting
(Anteroom)





Circuit 29 C29 2 10 0,0480
230
Table 36: Anteroom (Starboard Switchboard circuits)
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3.3.4. Bridge
Bridge (230 Vac Switchboard)







Sockets Circuit 30 C30 2 - - 230
Lighting Circuit 31 C31 1 50 0,2420 230
Emergency
Lighting
Circuit 32 C32 2 10 0,0480 230
External Lighting Circuit 33 C33 7 606 2,9280 230
Windlass Anchor Circuit 34 C34 1 1000 4,8310 230
Table 37: Bridge (230 Vac Switchboard circuits)
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Bridge (24 Vdc Switchboard)







Magnetic compass Circuit 35 C35 1 90 3,75 24
Anemometer Circuit 36 C36 1 90 0,22 24
Navigation & signal
lights
Circuit 37 C37 1 360 15,00
24
Searchlight Circuit 38 C38 1 180 7,50 24
DGPS Circuit 39 C39 1 9 0,38 24
Electromagnetic log Circuit 40 C40 1 90 3,75 24
Telephone system Circuit 41 C41 1 70 2,92 24
Exterior
communications
Circuit 42 C42 1 280 11,67
24
Radar Circuit 43 C43 1 240 10,00 24
Table 38: Bridge (24 Vdc Switchboard circuits)
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3.3.5. Engine Room & Electrical Compartment
Engine Room & Electrical Compartment (Port Switchboard)







Sockets Circuit 44 C44 4 - - 230




Circuit 46 C46 6 30 0,1370 230
Bilge Pump 1
(Opposite hull)
Circuit 47 C47 1 600 2,8000 230
Bilge Pump 2
(Opposite hull)
Circuit 48 C48 1 600 2,8000 230
Extractor Fans Circuit 49 C49 2 40 0,1930 230
Table 39: Engine Room & Electrical Compartment (Port Switchboard circuits)
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Engine Room & Electrical Compartment (Starboard Switchboard)







Sockets Circuit 50 C50 4 - - 230












Circuit 54 C54 1 600 2,8000
230
Extractor Fans Circuit 55 C55 2 40 0,1930 230
Table 40: Engine Room & Electrical Compartment (Starboard Switchboard circuits)
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3.4. Battery banks selection
Once that the total power consumption has been calculated, we can proceed 
sizing the battery banks required for the correct performance of the vessel.
It is already known that the total power forecast reaches a value of 92,783 W 
during the top speed. In order to make easier the calculations, it is possible to assume 
this value as 93 kW. Thus, a battery bank system with a value of 100 kW or higher 
would fit with the requirements of this vessel.
It is necessary to find a battery bank system which have enough power to supply 
not just the motors, but also the rest of the consumption in the vessel. Also, it must have 
a zero-emission performance in order to prevent polluting.
3.4.1. Solution adopted
For this purpose, we have found that the “SEANERGY BATTERY SYSTEM” 
from the SAFT group fulfils the requirements prescribed in the previous sections. 
The  SAFT – SEANERGY BATTERY SYSTEM integrates power, safety, 
management and communication. It is a stand-alone rackable battery system, which 
offers the benefits of SAFT Li-ion Super Iron Phosphate technology in a qualified 
industrial design. The SEANERGY BATTERY SYSTEM provides maintenance-free 
energy storage in a reduced volume, combining safety and high operational reliability 
with outstanding lifetime under the most difficult environmental conditions.
Within its advantages, we can find some of them in the following list:
• Batteries enable zero-emissions operation.
• Significant savings on fuel.
• Estimated lifetime of 10+ years.
• Zero maintenance requirements.
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• Batteries can achieve 95% charge status within two hours.
• Compact and lightweight battery leaves more space for passengers.
The system is designed for maritime energy storage and can deliver high-power 
and/or energy storage in a lightweight and compact package that is modular and can be 
scaled to meet the required duty.
In its catalogue, which is included at the end of this annexe on page 298 (3.10.1.
Battery bank catalogue), we can find some of its applications. Some of them are: 
• Passenger vessels (cruise liners, ferries, Ro-Pax, urban transports).
• Work-boats (tugs, offshore vessels, administration ships, fishing vessels).
• Inland shippings (river-sea shuttles, pushers/tugs, freight).
• Leisure vessels (mega yachts, medium size yachts).
Its main features are as follows:
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Nominal characteristics
Nominal voltage (V) (with 14 modules 
max)
647
Capacity (C/5) (Ah) 82
Minimum energy (C/5) (kWh) 50
Nominal energy (C/5) (kWh) 53
Mechanical characteristics (standard cabinet with 14 modules)
Width max (mm) 600
Height max (mm) From 1200 up to 2300
Depth (mm) 800
Weight (without cabinet) (kg) 560
Maximum weight (with cabinet) (kg) 750
Electrical characteristics
Voltage window (V) 529 to 745
Maximum charge voltage (V) 750
Maximum discharge current (A) 180
Nominal charge current (A) 45
Recharge time (h) at nominal current (95%
State of Charge)
2
Table 41:SEANERGY battery system main features
These characteristics make the SEANERGY BATTERY SYSTEM very suitable 
for our requirements, not only because its technical features, but also because its zero-
emission and fuel saving characteristics. 
3.4.2. Battery banks connection
The battery banks shall be arranged into the electrical system in such a way that 
ensure the supply of the whole network as well as their own recharging. This means that
the battery banks must be placed between several voltage converters, so as to be able to 
supply and get supplied. 
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3.4.3. Connection with the quay
Firstly, the battery banks must be supplied from the shore connection, i.e. there 
must be a connection from the quay. This means that the recharging system shall work 
with a 230 Vac or 400 Vac, i.e. and alternating current system. Due to this, it will be 
necessary a rectifier between the batteries and the shore connection. This rectifier, as it 
was stated previously on the Memory, might be big enough to place it out of the vessel. 
Besides, it must have a cable whose characteristics make possible the connection. 
The following scheme, provided by the SAFT catalogue, can be used as a guide 
of what was stated in this section.
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Figure 23: Example of connection with the quay
Once that the battery banks arrangement has been calculated, it is necessary to 
calculate the current required to their recharging. 
The battery banks which shall supply the motors are 4 groups of 3 modules each 
one (i.e. 12 modules, see Figure 24: Battery arrangement (motors) – page 175), and 
referring to the catalogue, the nominal charge current reaches a value of 45 A, there will
be necessary a current of 180 A per hull.
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I = 4 · I C
I = 4 · 45
I = 180 A
Moreover, the battery banks which shall supply the 230 Vac network, as well as 
the 24 Vdc network of the Bridge are composed of 2 groups with 1 module each one 
(see Figure 25: Battery arrangement (inverters) – page 178). This will suppose a 
current of 90 A, according to the previous calculation.
Solution adopted
We have chosen the cable PROTOMONT NSSHÖU (DIN VDE 0250 part 812) 
for both task. For the motors, we have chose the model with number of cores and 
nominal cross-sectional area of 2x95 mm2, which is able to provide 301 A. For the 
inverters, we have chose the model with number of cores and nominal cross-sectional 
area of 2x16 mm2, which is able to provide 99 A. One pair of cable will be necessary for
each hull of the vessel, as well as one conductor for the ground protection. Its catalogue 
is added at the end of the Annexes section, on page 320 (3.10.6.1. PROTOMONT 
NSSHÖU).
This cable have the following characteristics:
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Characteristic Unit Value
Number of cores and nominal crosssectional area mm2 4x95
Conductor diameter ca. mm 12,1
Outer diameter of cable
Min mm 48,2
Max mm 52,2
Fixed installed Min mm 209
Free moving Min mm 261
Weight of cable net 1000 m ca. kg 5335
Current-carrying capacity 30º C A 301
Permissible short-circuit current (1 s) kA 13,59
Permissible pulling force Max N 5700
Table 42: PROTOMONT NSSHÖU characteristics
To achieve this connection, it shall be necessary a high current plug that will 
allow the supply from the shore. In order to comply with this demand, we have chose a 
MARECHAL PFQ3, which main characteristics are:
• Rated current: 315 A 
• Maximum voltage: 690 V
• IP protection lid closed: IP66/IP67
• IP protection connected plug: IP66/IP67
• Shock resistance: IK10
• Ambient temperature: -40 °C to +60 °C
• Flexible wiring (min-max): 95 - 185 mm2
• Stranded wiring (min-max): 95 - 185 mm2
• Keying positions: 10
• Auxiliary contacts (10 A / 400 V): 6
• Pilot contacts (10 A / 400 V): 2
Its catalogue can be checked at 3.10.10.1. Marechal PFQ3 – page 342.
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3.4.4. Connection with the motors
The motors require 144 Vdc from the batteries, according to their catalogue. 
This means that the set up of the modules must be changed in order to fulfils this 
requirement. 
Referring to the battery bank catalogue, the SAFT SEANERGY BATTERY 
SYSTEM has a voltage window from 529 Vdc to 745 Vdc when the 14 modules are 
connected in series. 
529 ≤ Vdc ≤ 745
This means that every module have a voltage window from 37,79 Vdc to 53,21 
Vdc.
Therefore, we must connect them in such a way that makes this range to a 144 
Vdc size. This means connecting groups in parallel of 3 modules in series.
37,79 · 3 ≤Vdc ≤ 53,21 · 3
113,36 ≤ Vdc ≤159,64
Due to the fact that this battery system is conformed of 14 modules, there must 
be 4 groups of 3 modules each, i.e. 12 modules altogether. The rest two shall be used to 
supply the 230 Vac loads by using a power inverter. This actions must be applied in both
Electrical Rooms.
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Thus, if the nominal energy with 14 modules reaches a value of 53 kWh, with 12
modules it will be 45,5 kWh per blade, i.e. 91 kWh for the whole propulsion system, 
which are the requirements that were necessary according to the previous calculations. 
It must be recalled that the propulsion system will reach 85 kW during its Top Speed 
operating condition, and 37,4 kW during the Function operating condition.
E Batteries = E B = 53000 ·
12
14
E B = 45429 Wh
E B ≈ 45500 Wh
Figure 24: Battery arrangement (motors)
As mentioned above, during the Function operating condition, the propulsion 
system consume 37,4 kW. By a simple rule of three we can calculate that the SAFT – 
SEANERGY BATTERY SYSTEM will give us about two and a half hours of 
propulsion independence (independently of the consumption made by the remaining 
loads).
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t = 2,4332 h = 2 h 26 min
It is assumed that the top speed will never be actually reached, and that the 
vessel will run at its cruising speed almost always. Thus, the vessel would have 2 hours 
and 26 minutes of independence running in a Function regime. This values are enough 
for our requirements, taking into account that the actual independence time would be 
even greater, since the vessel will not be always working at a cruising speed.
In the case that the vessel would be moving at its Top Speed operating condition,
this battery system would give us enough independence too. Using the same rule of 




t = 1,0706 h = 1 h 4 min
Nevertheless it is important to remark that this kind of ship are not supposed to 
perform their routes in their Top Speed, due to their touristics conditions.
3.4.5. Connection with 230 Vac network
In order to supply the remaining network, it shall be necessary to connect a 
power inverter between the batteries and the main switchboard. It shall be necessary a 
power inverter in both electrical systems.
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As it was explained before, the battery bank counts with 14 modules, and 12 of 
them has been used to supply the motors. 
Referring to the battery bank catalogue, the  SEANERGY BATTERY SYSTEM 
have a voltage window from 529 Vdc to 745 Vdc when the 14 modules are connected in
series. 
529 ≤ Vdc ≤ 745







37,79 ≤ Vdc ≤ 53,21
Thus, the remaining two modules shall be connected in series, obtaining a 
voltage of 48 Vdc which is a standard value for the power inverters.
If the nominal energy with 14 modules reaches a value of 53 kWh, with 2 
modules it will be 7,57 kWh per blade, i.e. 15,14 kWh for the whole vessel. 
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Figure 25: Battery arrangement (inverters)
According to the power forecast studied in the previous section (page 133 – 3.2.
EPLA (Electric Power Load Analysis)), the 230 Vac network demands 6373,6 kW, 
while the 24 Vdc network of the Bridge (which is supplied from both 230 Vac main 
switchboards, and have to be taken into account) demands 1409 W. This means that 
power inverters shall supply a total load of 7782,6 kW.
PT = P230Vac + P24Vdc
PT = 6373,6 + 1409
PT = 7782,6 kW
Thus, the battery banks ensures an independence of almost two hours for the 
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t = 1,9456 h = 1 h 57 min
3.5. Power inverter selection
As it has been calculated on the previous section, the 230 Vac  and the 24 Vdc 
systems shall require 7782,6 kW in the Function and the Top Speed operating 
conditions, among luminaries, air conditioning, communications, etc. 
The battery bank shall be able to supply 7,8 kWh at 48 Vdc. Thus, the chosen 
inverter shall deal with this values. As it was stated in the Memory, the power inverter 
that has been chosen is the VICTRON ENERGY QUATTRO. 
Its main characteristics, which can be checked at the end of this Annexes section 
(page 303, 3.10.3.1. VICTRON ENERGY QUATTRO), proves that it is suitable for 
our requirements:
Inverter Output Specifications:
• Continuous Output Power: 8000 Watts
• Output Waveform: Pure Sine 230 Vac
Input Specifications:
• Nominal Input Voltage: 38 – 66 Vdc
Each hull shall count with this power inverter connected to its battery bank.
3.6. Rectifier selection
The Bridge shall count with a rectifier which supplies the 24 Vdc devices. The 
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rectifier shall be connected to the 230 Vac network of both hulls through a two position 
selector switch, ensuring the supply during an emergency situation (i.e. if one of the 
systems is unable to supply the Bridge, through the two position switch we are able to 
connect it to the other electrical system, ensuring the supply at all times).
As it was calculated in the power forecast through the previous sections, the 24 
Vdc network shall require a supply of 1409 W.







I = 58,7083 A
Therefore, the rectifier shall be able to work with at least 58,71 A. The 
MASTERVOLT MASS 24/75 complies with those requirements, and its suitable for this
task.
Its main characteristics are:
• Nominal output voltage: 24 V
• Total charge current: 75 A
• Nominal input voltage: 230 V (180-265 V), 50/60 Hz
• Full load consumption (230 V AC):  2600 W
Its characteristics fits with our requirements. Thus, one  MASTERVOLT MASS 
24/75 shall be placed at the Bridge, in order to avoid high voltage-drops.
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3.7. Conductors & switches
Once that the type of insulation and the required protection is set, it is necessary 
to determine the section of the conductor.
Both heating of the conductor (due to the current flow) and the voltage-drop are 
a function of the current flowing through the conductor. Therefore, it shall be necessary 
to know the value of those currents before making any calculation. 
In order to calculate the cross-section of the conductors, and according to the 
requirements set on 2.6.24. Cable selection (page 58) and 2.6.26.3. Circuit protection 
(page 74), as well as to the maximum level of dropped voltage, it shall be necessary to 
comply with the following requirements:
3.7.1. Requirements
3.7.1.1. Maximum admissible current (or maximum heating) 
criteria
The maximum admissible current value that may flow through the cables shall 




In 230 Vac networks, the power factor (cos φ) shall depend on the load that we 
are studying. In DC networks, its value will be 1. Once that the currents have been 
calculated, it shall be necessary to look in the Classification Society (DNV) for a cross-
section whose rate current is higher.59
59 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 51 (July 2013)
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Figure 26: Rating of cables with temperature class 90º C
After this step, it shall be taken into account the maximum voltage-drop 
specified in the Classification Society, and it must ensure the minimum safety distance 
between conductors.
3.7.1.2. Maximum voltage-drop criteria
In order to calculate the voltage-drop according to the value of the cross-section,
it shall be used the following formula:
ΔV =I · R
Where:
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• ΔV (V): Is the maximum admissible value of the voltage drop.
• I (A): Is the current when the load is at its greatest.
• R (Ω): Is the resistance of the conductor.

















• ρ (Ω·mm2/m): Electrical resistivity of the conductor.
• L (m): Length of the conductor.
• S (mm2): Cross-section.







I ·ρ · L
S
ΔV =
I ·ρ · L · 2
S
ΔV =
I ·ρ · L · 2
S
And referring it to the cross-section value:
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I ·ρ · L ·2
Δ V
S=
I ·ρ· L ·2
Δ V
Now, if we assume that the current depends on the voltage of the circuit and its 










P ·ρ · L
Δ V ·V
S=
P ·ρ · L · 2
ΔV · V
S=
P ·ρ · L ·2
ΔV ·V
This formula shall be used on the following cross-section calculations, 
specifically the one-phase alternating current system and the one-phase direct current 
system, due to the lack of three-phase system in this project.
3.7.1.3. Temperature correction factors
Currents listed in the following table are valid for a room temperature of 45 °C 
and are applicable to electrical conditions of ships which navigate at high seas or in 
tropical climates.
Complying with the classification society, whenever it is expected that the room 
temperature can remain below 45 °C may be accepted higher admissible currents, but in
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no case an ambient temperature below 35° C must be considered. When it is expected 
that the ambient temperature may exceed  45° C the permissible currents shall be 
reduced.
DNV provides a table in which indicates the coefficients to be applied in order to




ºC 35* 40 45 50 55 60 65 70 75 80 85
60** 1,29 1,15 1,00 0,82 - - - - - - -
70 1,18 1,10 1,00 0,89 0,77 0,63
85 1,12 1,06 1,00 0,94 0,87 0,79 0,71 0,61 0,50 - -
90 1,10 1,05 1,00 0,94 0,88 0,82 0,74 0,67 0,58 0,47 -
95 1,10 1,05 1,00 0,95 0,89 0,84 0,77 0,71 0,63 0,55 0,45
* Correction factors for ambient temperature below 40°C will normally only be accepted for:
— cables in refrigerated chambers and holds, for circuits which only are used in refrigerated service
— cables on vessel with class notation restricting the service to non-tropical water.
** 60°C cables shall not be used in engine and boiler rooms.
Table 43: Correction factors for ambient temperature
3.7.1.4. Cable grouping correction factors
Cable rating and method of installation shall provide conditions preventing 
cables to operate above their design temperature.
When installed in a single layer without free air circulation between the cables, 
the current ratings specified in the previous tables can be used. However, these ratings 
are based on maximum 6 cables, which can be expected to be under full load 
simultaneously.
A correction factor of 0.85 shall be applied if more than 6 multi-core cables, are 
60 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 52 (July 2013)
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installed without spacing for free air circulation.
The reduction factor for more than 6 single core cables should be as given in 
IEC 60092-352 Annex A. Free air circulation is achieved by a spacing equal the cable 
diameter when laid in a single layer. For three-foil formation, the distance shall be at 
least twice the cable diameter.61
Cables are attached in free air conditions in in the following cases:
• With direct fixing on bulkheads or ceilings.
• With placement on cable trays, on wall brackets or opened trays.
• In gaps, provided that these section is much larger than the total cross-section of 
all installed cables.
The cables are installed in confined air conditions in the following cases:
• Located in narrow passages or ducts which do not allow the normal circulation 
of air around them. If the length of the conductor  is less than 30 times smaller 
than the diameter of the wires it shall not be considered as a narrow passage.
• Under plastic or metallic tubes.
• Under closed trays.
3.7.1.5. Calculation of the growth margin
It shall be necessary the use of the following equation to determine the intensity 




FT · F G
· F S
61 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 49 (July 2013)
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Where:
• Iz (A) is the adjusted current.
• IFL (A) is the current at a full load condition.
• FT is the correction factor based on the temperature.
• FG is the correction factor based on the grouping conditions.
• FS is a correction factor used to ensure a safety margin in case of any change in 
the conditions of the implementation and to extend the life of the cables. This 
factor increases the current 25%.
3.7.2. Cross-section calculation
The conductors that interconnect all the devices and machineries with each 
others must comply with several demands, and their cross-section must fulfil the 
Classification Society requirements. In order to achieve this task, the cross-sections of 
the cables which will have a performance in this document shall be calculated. 
3.7.2.1. 24 Vdc cross-section calculation
Rate current calculation
First of all, it is necessary to define the conditions within this system. The power
forecast in the 24 Vdc installation has been calculated in previous sections (page 133 –
3.2. EPLA (Electric Power Load Analysis)), and we estimated the total power 
required within this system. With this parameters (power and voltage), we are able to 
calculate the rate current value.
• PN = 1409 W
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I N = 58,7083 A
This value must be adjusted according to the previous criteria:
I Z =
I FL
FT · F G
· F S
Where:
• Iz (A) is the adjusted current
• IFL (A) is the current at a full load condition
• FT is the correction factor based on the temperature
• FG is the correction factor based on the grouping conditions
• FS is a correction factor used to ensure a safety margin in case of any change in 
the conditions of the implementation and to extend the life of the cables. This 
factor increases the current 25%.
Due to the conditions that this system presents, the only correction factor applied





I Z = 73,3854 A
Thus, the maximum value of current that the 24 Vdc switchboard will deal with 
is 73,3854 A. Based on this value, the conductor can be now sized. 
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Referring to the DNV table that was previously shown, we must set a proper 
cross-section value for this current. Thus, the section should be 16 mm2, because it 
would ensure the adequate performance of the conductor.
Figure 27: Rating of cables (24 Vdc)
Now, this cross-section must comply with the voltage-drop criteria. 
A DC distribution system shall be designed and installed so that the stationary 
voltage-drop in supply to individual consumers, measured from the battery distribution 
to the consumer terminals, does not exceed 10% of system nominal voltage.62 However, 
due to the closeness between the rectifier, the switchboard and the devices, we will set 
the voltage drop as 5% at its peak. If the cross-section does not produce a voltage-drop 
higher than this value, then it will comply this criteria.
62 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 17 (July 2013)
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As it was explained before, the section must fulfil the following formula:
ΔV =
I ·ρ · L · 2
S
Where:
• I (A): Short-circuit current.
• ρ (Ω·mm2/m): Electrical resistivity of the conductor. For copper conductors, this 
value is 0,01759  Ω·mm2/m.
• L (m): Length of the conductor. Due to the dimensions of the Bridge, and 
assuming possible changes in the placement of the rectifier, the distance between
the rectifier and the switchboard shall not exceed 10 m.






Once that this value is compared with the rate voltage of the system, i.e. 24 V, it 
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ΔV (%)=6,72 %>5%
This means that it shall be necessary to choose the following cross-section that is
higher. According to the previous table, this value is 25 mm2, which does comply with 
the voltage-drop requirements.
 ΔV =








With a voltage-drop lower than 5% of the nominal voltage, we can assure that 
this cross-section is suitable for our requirements.
Knowing this values, we can proceed to choose a proper conductor. For this 
matter, we have chosen the GENERAL CABLE EXZHELLENT – MAR RDT 2x25 
mm2 – model 7783212, annealed copper, stranded class 5, halogen free cross linked 
polyethylene (HF XLPE) insulation, outer sheath Halogen free thermoplastic polyolefin 
(SHF1), Rated voltage: 0,6/1 kV. Its catalogue is added at the end of the Annexes 
section, on page 324 (3.10.6.2. EXZHELLENT – MAR RDt) Its main features are 
gathered on the following list:
• Section (mm2): 2x25
• Outer diameter (mm): 18,8
• Weight (kg/km):  725
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• Bending radius (mm): 75
• Current rating air 45 °C (A): 130
• Voltage drop (cos ϕ = 0,8) (V/A·km): 1,458
• Inductance (mH/km): 0,246 
Now that the main conductor of the 24 Vdc network has been calculated, it is 
time to calculate the conductors and protection to the rest of devices in this system. The 
procedure to calculate the cables and protections is the same as the previous one for the 
main cable. On the following tables are represented the calculation of those cables.
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Magnetic compass Circuit 35 C35 100 6 4,17 5,21 0,9161 1,5 0,7329 3,0538
20
Anemometer Circuit 36 C36 100 6 4,17 5,21 0,0797 1,5 0,7329 3,0538
20
Navigation & signal lights Circuit 37 C37 600 6 25 31,25 0,4780 6 1,0994 4,5807
44
Searchlight Circuit 38 C38 900 7 37,5 46,88 0,8365 10 1,1543 4,8098
61
DGPS Circuit 39 C39 10 7 0,42 0,52 0,0093 1,5 0,0855 0,3563
20
Electromagnetic log Circuit 40 C40 100 7 4,17 5,21 0,0929 1,5 0,8551 3,5628
20
Telephon sys. Circuit 41 C41 100 8 4,17 5,21 0,1062 1,5 0,9772 4,0718
20
Exterior communications Circuit 42 C42 400 8 16,67 20,83 0,4249 6 0,9772 4,0718
44
Radar Circuit 43 C43 300 8 12,5 15,63 0,3187 6 0,7329 3,0538
44
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Table 44: Rate cross-section and voltage drop levels of 24 Vdc devices

















Magnetic compass Circuit 35 C35 100 5,21 6 2x1,5 + 1,5 20 RDT 7783206 0,02361 3,31E-007
Anemometer Circuit 36 C36 100 5,21 6 2x1,5 + 1,5 20 RDT 7783206 0,02361 3,31E-007
Navigation & signal lights Circuit 37 C37 600 31,25 6 2x6 + 6 44 RDT 7783209 0,00592 2,72E-007
Searchlight Circuit 38 C38 900 46,88 7 2x10 + 10 61 RDT 7783210 0,00346 2,56E-007
DGPS Circuit 39 C39 10 0,52 7 2x1,5 + 1,5 20 RDT 7783206 0,02361 3,31E-007
Electromagnetic log Circuit 40 C40 100 5,21 7 2x1,5 + 1,5 20 RDT 7783206 0,02361 3,31E-007
Telephon sys. Circuit 41 C41 100 5,21 8 2x1,5 + 1,5 20 RDT 7783206 0,02361 3,31E-007
Exterior communications Circuit 42 C42 400 20,83 8 2x6 + 6 44 RDT 7783209 0,00592 2,72E-007
Radar Circuit 43 C43 300 15,63 8 2x6 + 6 44 RDT 7783209 0,00592 2,72E-007
Table 45: Conductors of 24 Vdc devices
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3.7.2.2. 144 Vdc cross-section calculation
Rate current calculation
First of all, it is necessary to define the conditions within this system. The power
forecast in the 144 Vdc installation has been previously calculated, and can be checked 
at page 154 (3.2.2.2. 144 Vdc network power forecast). With this parameters (power 
and voltage), we are able to calculate the rate current value.
The rate current that flow through the motors during the Top Speed operating 
condition (the more restrictive one) shall depend on their nominal power and the voltage





• SN: Power required by the motors and supplied from the battery bank. This 
parameter can have two values. During the Function regime reaches a value of 
18700 W for each motor, and during the Top Speed regime reaches a value of 
42500 W for each motor.
• VN: Rate voltage of the batteries. In this case, this value is 144 Vdc
Thus, the short-circuit current shall reach the following value on both situations:







I SC=129,86 A I SC=295,14 A
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Due to the fact that it must be selected the more restrictive value, the short-
circuit current in this network would reach a value of 295,14 A. Thus, the maximum 
value of current that the 144 Vdc switchboard will deal with is 295,14 A. Based on this 
value, the conductors shall be sized. Using a method similar to the 24 Vdc calculation, 
and knowing that the power factor is equal to the unit, the cross-section of the 
conductors will be calculated.
The formula used to calculate the cross section of the conductors is:
S ≥
ρ · P · L · 2
Δ V · V
We assume that the maximum distance between the motor and the battery bank 
shall be of 10 m (according to the distribution of the Engine Rooms and the Electrical 
Compartments, and possible changes of their placement in the future).
S ≥
0,01759 · 42500 · 10 · 2
14,4 · 144
S ≥ 7,21 mm2
According to the calculation, a cross section equal or higher to 7,21 mm2 
would suit with our requirements. Referring to the Classification Society for a rate 
current of 295,14 A, two poles and 90º C, it is necessary to use a conductor with 150 
mm2 of cross section, which give us a maximum current of 331 A.63
63 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 51 (July 2013)
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Figure 28: Rating of cables (144 Vdc)
Nevertheless, due to the large size of this conductor, it is suitable to divide it into
two or more conductors with a smaller cross-section. Thus, we will use two conductors 
of 50 mm2 each one, whose maximum current value is 167 A according to the previous 
table (i.e. 334 A for the whole connection).
Knowing this values, we can proceed to choose a proper conductor. For this 
matter, we have chosen the General Cable EXZHELLENT – MAR Rdt 2x50 mm2 
model 7783218, annealed copper, stranded class 5, halogen free cross linked 
polyethylene (HF XLPE) insulation, outer sheath Halogen free thermoplastic polyolefin 
(SHF1), Rated voltage: 0,6/1 kV. Its catalogue is added at the end of the Annexes 
section (Page 324 –  3.10.6.2. EXZHELLENT – MAR RDt). Its main futures are 
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gathered on the following list:
• Section (mm2): 2x50
• Outer diameter (mm): 23,5
• Weight (kg/km):  1335
• Bending radius (mm): 95
• Current rating air 45 °C (A): 196 
• Voltage drop (cos ϕ = 0,8) (V/A·km): 0,766
• Inductance (mH/km): 0,250
3.7.2.3. 230 Vac cross-section calculation
This section will explain what method has been used for the selection of the 
section of each circuit in every switchboard of 230 Vac. In order to achieve this task, it 
shall be shown a concrete example (Circuit 3 from the Passengers Room Port 
Switchboard) in order to make sufficiently clear the procedure. 
Two requirements are taken into account for the calculation of the section. It 
shall comply both of them.
Maximum admissible current:
The value of the nominal current that flows through the conductor shall be less 
than the maximum admissible value of the conductor. 




V · cos φ
Where:
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• In (A) is the current value.
• P (W) is the amount of power that requires the load.
• V (V) is its voltage level.
• Cos φ is the power factor of the load.
Circuits conformed by sockets can not be classified using the previous formula. 
It is because sockets can not be applied with an unitary power value, and their rate 
current shall be consider as the maximum admitted by the conductor, whose minimum 
cross-section is defined by the Classification Society. Thus, their voltage-drop values 
shall be calculated based on that rate current value.
The circuit that we are going to use as an example will be the Circuit 3 (C3), 
which groups 6 downlight luminaries (GLAMOX CASA 16 13F SI), and which is 
placed at the Passengers Room. It is connected to the Port switchboard of this room. In 
the circuit distribution (it can be checked at page 157 – 3.3.1. Passengers Room), it was




I n = 0,5507 A
This value must be adjusted according to the previous criteria:
I Z =
I FL
FT · F G
· F S
Where:
• Iz (A) is the adjusted current
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• IFL (A) is the current at a full load condition
• FT is the correction factor based on the temperature
• FG is the correction factor based on the grouping conditions
• FS is a correction factor used to ensure a safety margin in case of any change in 
the conditions of the implementation and to extend the life of the cables. This 
factor increases the current 25%.
Once again, the only correction factor that applies with this circuit is that one 
applied to ensure the life of the cables and possible changes in the future, by increasing 





I n = 0,6884 A
According to the Classification Society rules64, conductor cross-sections shall be 
based on the rating of the over-current and short-circuit protection used. However the 
minimum cross section shall be:
• 0.5 mm2 for 250 V for cables and switchboard wires for control and 
instrumentation.
• 1.0 mm2 for power circuit switchboard wires.
• 1.0 mm2 for 250 V and 0.6/1 kV power cables with the following exceptions: 
0.75 mm2 may be used for flexible cables supplying portable consumers in 
accommodation spaces, and also for internal wiring of lighting fittings, provided
that the full load current is a maximum of 6 A and that the circuit's short-circuit 
protection is rated at a maximum of 10 A.
• 10 mm2 for 1.8/3 and 3.6/6 kV cables.
64 DNV – Electrical Installations, Pt.4 Ch.8 Sec.9 – Page 90 (July 2013)
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• 16 mm2 and upwards for cables above 6/10 kV.
Nevertheless, as a preventive measure, we will set 1.5 mm2 for regular circuits 
up to its rate current (20 A) and 2.5 mm2 for sockets circuits. If necessary, we will set 
higher cross-sections to circuits with higher current values. Then, it shall be needed a 
cable which cross-section has a value of 1,5 mm2 for the circuit that we are studying. 
This value will allow us to have an admissible current of 20 A.
In order to admit that the selected cross-section is suitable for our requirements, 
we should calculate the minimum cross-section that would hold that amount of amperes.
For this task, we shall use the following formula:
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S ≥
I · ρ · L · 2
Δ V
Where:
• S (mm2) is the minimum cross-section admissible.
• P (W) is the power consumption of the load.
• ρ (Ω·mm2/m) is the electrical resistivity of the conductor. For copper conductors,
this value is 0,01759  Ω·mm2/m.
• L (m) is the length of the conductor. It can be checked at the circuit distribution 
mentioned above.
• ΔV (V) is the maximum admissible value of the voltage drop.
• V (V) is the voltage level.
S ≥
0,6884 · 0,01759 · 20 · 2
13,8
S ≥ 0,0351 mm2
This cross-section value is significantly lower than that one chose, making it 
suitable for our requirements. Thus, the voltage drop produced by the cross-section of 
1,5 mm2 shall be as follows:
Voltage drop:
An AC distribution system shall be designed and installed so that the stationary 
voltage-drop in supply to individual consumers, measured from the main switchboard to
the consumer terminals, does not exceed 6% of system nominal voltage.65
Thus, the voltage-drop in every line shall be less than the 6%. In a network of 
65 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 17 (July 2013)
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230 Vac, this value shall be 13,8 Vac.
Δ V max = 230 ·
6
100
Δ V max = 13,8 A
In order to assure that the section previously selected complies with the 
requirements referred to the voltage-drop, the following formula shall be used:
Δ V =
I · ρ · L · 2
S
Δ V =
0,6884 · 0,01759 · 20 · 2
1,5
Δ V = 0,3229 V
Δ V (%) = 0,1404 %
This value is under the requirements by far. Then, both requirements are 
complied. 
In the following tables shall be shown the cross-section values necessary for 
every circuit, as well as their voltage-drop produced. This values will be useful for 
future calculations of the required conductors.
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C5 4 20 0,097 0,121 230 14 0,0043 1,5 0,0397 0,0172
20
Table 46: Passengers Room (Port Switchboard - Cross-section and voltage-drop)
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C10 4 20 0,097 0,121 230 14 0,0043 1,5 0,0397 0,0172
20
Table 47: Passengers Room (Starboard Switchboard - Cross-section and voltage-drop)
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C17 1 1000 5,435 6,793 230 6 0,1039 1,5 0,9600 0,4200
20
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Table 48: Entrance & Toilet (Port Switchboard - Cross-section and voltage-drop)
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C23 1 1000 5,435 6,793 230 6 0,1039 1,5 0,9560 0,4156
20
Table 49: Entrance & Toilet (Starboard Switchboard - Cross-section and voltage-drop)
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C26 3 15 0,072 0,091 230 12 0,0028 1,5 0,0255 0,0111
20
Table 50: Anteroom (Port Switchboard - Cross-section and voltage-drop)
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C29 2 10 0,048 0,060 230 7 0,0011 1,5 0,0099 0,0043
20
Table 51: Anteroom (Starboard Switchboard - Cross-section and voltage-drop)
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C34 1 1000 4,831 6,039 230 10 0,1539 1,5 1,4163 0,6158
20
Table 52: Bridge (230 Vac Switchboard - Cross-section and voltage-drop)
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C49 2 40 0,193 0,242 230 15 0,0092 1,5 0,0850 0,0369
20
Table 53: Engine Room & Electrical Compartment (Port - Cross-section and voltage-drop)
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C55 2 40 0,193 0,242 230 15 0,0092 1,5 0,0850 0,0369
20
Table 54: Engine Room & Electrical Compartment (Starboard - Cross-section and voltage-drop)
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Thus, we can choose the proper cable for each circuit. For circuit 3, we have 
chose an EXZHELLENT – MAR RDT 0,6 / 1 kV 2 x 1,5 + 1,5 mm2 – model 7783306. 
Basically, the system shall count with two types of cables, and it shall depend on
the load supplied. Due to the closeness between the switchboards and the circuits (the 
longest length is 50 m, while the shortest is 3 m), as well as the low amount of power 
required in each one, voltage-drops shall not reach high values. This means that almost 
every circuit may be equipped with the smallest section required.
Referring to the sockets, we have chose a greater cross-section (2 x 2,5 + 2,5 
mm2) than the regular circuits (2 x 1,5 + 1,5 mm2). It is to ensure the proper 
performance of the sockets if they are connected to a unusually bigger load. The rest of 
the circuits shall count with a 1,5 mm2 cross-section, which is enough to their task, due 
to the fact that the higher voltage-drop is 5,5992 % (i.e. external lighting placed out of 
the vessel and surrounding it) while the lower reaches a value of 0,0012 % (emergency 
lighting of the Toilet).
The following tables gathers the conductor chosen for every circuit, depending 
on their power, 25% growth margin current, their length and their voltage-drop. The 
tables tell us that 465 m of  EXZHELLENT – MAR RDT 0,6 / 1 kV 2 x 1,5 + 1,5 mm2 
– model 7783306 and 261 m of EXZHELLENT – MAR RDT 0,6 / 1 kV 2 x 2,5 + 2,5 
mm2 – model 7783307 will be used.
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Passengers Room (Port Switchboard)



































Table 55: Passengers Room (Port Switchboard - Conductor)
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Passengers Room (Starboard Switchboard)



































Table 56: Passengers Room (Starboard Switchboard - Conductor)
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Entrance & Toilet (Port switchboard)



















































Table 57: Entrance & Toilet (Port Switchboard - Conductor)
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Entrance & Toilet (Starboard switchboard)














































Table 58: Entrance & Toilet (Starboard Switchboard - Conductor)
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Anteroom (Port Switchboard)





























Table 59: Anteroom (Port Switchboard - Conductor)
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Anteroom (Starboard Switchboard)





























Table 60: Anteroom (Starboard Switchboard - Conductor)
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Bridge (230 Vac Switchboard)







































Table 61: Bridge (230 Vac Switchboard - Conductor)
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Engine Room & Electrical Compartment (Port Switchboard)














































Table 62: Engine Room & Electrical Compartment (Port Switchboard - Conductor)
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Engine Room & Electrical Compartment (Starboard Switchboard)














































Table 63: Engine Room & Electrical Compartment (Starboard Switchboard - Conductor)
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3.7.2.4. Switchboards cross-section calculation
Once that the cross-sections of every circuit have been calculated, it is time to 
assigned the adequate cross-section to the secondary switchboards that hold those 
circuits. This means calculate the cross-section of the conductor that will reach the 
switchboards in every room. 
The switchboards have been distributed among the rooms. As it is shown in the 
previous section, we will deal with two switchboards in the Passengers Room, the 
Entrance and the Toilet, the Anteroom and the Engine Rooms and Electrical 
Compartment. The Bridge will have one switchboard for the 230 Vac system and 
another one for the 24 Vdc system, both supplied through a interconnection from both 
electrical systems.
In order to calculate the required cross-section of every switchboard, as well as 
their circuit breaker, it is necessary to define the rate current of all of them. To achieve 
this, we have to sum up the currents of every load connected to the switchboard. 
In order to clarify the procedure, we will take the Port switchboard of the 
Passengers Room as an example. Then, the rest of the cross-sections will be calculated 
through tables, as in the previous section.
The Port switchboard of the Passengers Room hosts five circuits (each of them 
with several loads), two of them for sockets, another two for lightings and the remaining
one for the emergency lighting. As mentioned above, their current values, after all the 
adjustments, were as follows:
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Description Circuit Number Name Current (A)
Sockets Circuit 1 C1 26
Sockets Circuit 2 C2 26
Lighting Circuit 3 C3 0,6884
Lighting Circuit 4 C4 0,6884
Emergency Lighting Circuit 5 C5 0,1208
Table 64: Passengers Room Port switchboard currents
Then, the total value that will flow through the switchboard shall be the sum of 
those values. 
I T = I C1 + I C2 + I C3 + I C4 + I C5
I T = 26 + 26 + 0,6884 + 0,6884 + 0,1208
I T = 53,4976 A
Once that we have the total value, we will need the length of the conductor in 
order to calculate its cross-section. Due to the fact that the Port switchboard of the 
Passengers Room is nearly above of the Port 230 Vac switchboard, its length will be of 
just 3 m. With this values, we are able to calculate its minimum cross-section, using the 
same formula as in the previous sections:
S ≥
I · ρ · L · 2
Δ V
S ≥
53,4976 · 0,01759 · 3 · 2
13,8
S ≥ 0,4091 mm2
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This result tells us that any standard cross-section would be adequate to our 
requirements. Nevertheless, it will be the total current value which will set the proper 
cross-section. According to the table from the Classification Society quoted on the 
previous calculations, it would be necessary a 2x16 mm2 conductor for this task, which 
would admit a 82 A current at its peak. We have chose this value instead of the 2x10 
mm2 as a way to facilitate the selection of a circuit breaker in the following sections.
Figure 30: Passengers Room Port switchboard cross-section
With this value, we must calculate the expected voltage-drop and verify that it 
does not exceed the stated value of 6%.
Δ V =
I · ρ · L · 2
S
September 2015 | Annexes Page 226
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
Δ V =
53,4976 · 0,01759 · 3 · 2
16
Δ V = 0,3529 V
Δ V (%) = 0,1534 %
Thus, we can choose the proper cable for each switchboard. For the Passengers 
Room Port switchboard, we have chose an EXZHELLENT – MAR RDT 0,6 / 1 kV 2 x 
16 + 16 mm2 – model  7783311. 
Applying this procedure to the remaining switchboards, we will obtain their 
required cross-section. The results are gathered on the following table:
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Port 53,498 3 0,4091 2x16+16 0,3529 0,1534 82 RDT 7783311
Starboard 53,498 7 0,9547 2x16+16 0,8234 0,3580 82 RDT 7783311
Entrance &
Toilet
Port 34,238 11 0,9601 2x10+10 1,3249 0,5761 61 RDT 7783310
Starboard 33,527 15 1,2838 2x10+10 1,7716 0,7703 61 RDT 7783310
Anteroom Port 26,664 9 0,6118 2x10+10 0,8442 0,3671 61 RDT 7783310
Starboard 26,749 5 0,3410 2x10+10 0,4705 0,2046 61 RDT 7783310
Bridge 230
Vac











Port 34,843 3 0,2665 2x10+10 0,3677 0,1599 61 RDT 7783310
Starboard 34,843 3 0,2665 2x10+10 0,3677 0,1599 61
RDT 7783310
Table 65: Secondary switchboards conductors
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3.7.2.5. Power inverter cross-section
Once that every circuit has been designed with a cross-section adequate to their 
consumption, as well as the switchboard that holds them, it is time to size the 
conductors that come from the power inverter. 
It is reasonable to believe that this conductors shall be sized based on the amount
of power that demands each 230 Vac main switchboard. Nevertheless, we have to 
remember the interconnection between both switchboards which would allow the 
continuity of the supply during an emergency situation. This means that the conductors 
from the power inverter should admit a current composed of every 230 Vac load, as well
as the 24 Vdc loads from the Bridge.
Thus, and referring to the power forecast calculated on previous sections (which 
can be checked at page 155 – 3.2.3. Total power forecast), we assume that the total 
power that will withstand the conductors shall be:
PT = P230Vac + P24Vdc
PT = 6373,6 + 1409
PT = 7782,6 W
Assuming a power factor (cos φ) of 0.9 in the 230 Vac, and considering 1 in the 
24 Vdc system, we will obtain the total current that this conductors shall support:
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IT = 89,4987 A
According to the Classification Society66, the required cross-section for this 
amount of current would be a 2x25 mm2 conductor, which would withstand with 108 A. 
Thus, the chosen conductor will be an EXZHELLENT – MAR Rdt 2x25 + 25, reference
7783212, and it shall be used in both electrical system to supply the 230 Vac main 
switchboards from the power rectifiers. 
The power rectifiers shall be in the same room as the 230 Vac main 
switchboards, i.e. the Electrical Compartment (check 4.2. General Layout – page 347).
Expecting changes in the layout of the components, we will demand 15 meters of this 
cable for each hull, in order to have enough conductor for future changes. 
3.7.3. Short-circuit currents calculation
Every electrical installation must be protected against short-circuit currents. The 
intensity of the short-circuit current must be calculated for each of the different levels of
the facility to determine the characteristics of the components that must withstand or cut
the fault current. It shall be necessary to follow the requirements stated at 2.6.24.3.
Short-circuit current (page 61). 
3.7.3.1. 24 Vdc short-circuit current calculation
The short-circuit current appears at the end of the line, therefore it will be 
required the value of the impedance in the conductor. Due to the fact that the conductors
have been calculated in the previous section, we will be able to find those parameters in 
the catalogue of the product. 
The cable that have been chosen is a General Cable EXZHELLENT – MAR Rdt 
66 DNV – Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 51 (July 2013)
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2x25 mm2 –  model 7783212. The values of resistance and inductance of this model are
as follows:
• Resistance (R): 1,458 V/A · km
• Inductance (X): 0,246 mH / km






• ISCmax: Maximum short-circuit current.
• CV: Voltage coefficient. Due to the fact that the impedance lies only in the 
impedance of the line, its value shall be 0,8.67
• U: Network voltage.
• ZSC: Line impedance .
The line impedance value shall be composed of the resistance and inductance 




Z SC=√(1,458 ·0,010)2+(0,246 · 0,0101000 )
2
Z SC≈0,01458Ω
67 Notes from “Instalaciones Eléctricas” Chapter 4 – Juan Luis Beira Jiménez
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The maximum and the minimum short-circuit current are equal due to the fact 
that in both cases only the impedance of the line appears.
In order to protect this conductor, it is necessary to select a proper switch. This 
switch must comply as well with several requirements:
• The rate current of the switch must lie between the short-circuit current and the 
maximum admissible current to the cross section.
I B ≤ I N ≤ I Z
73,39 ≤ I N ≤ 108
• The breaking capacity of the switch must be higher than the maximum short-
circuit current. This current is calculated on the following section.
I BC ≥ I SCmax
I BC ≥ 1317 A
• The magnetic current of the switch must be lower than the minimum short-
circuit current.
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I mag ≤ I CCmin
I mag ≤ 1317 A
• The specific let-through energy (i.e. the amount of energy that the switch allows 
to flow up to the breaking) must be lower than the maximum admissible of the 
conductor. 
I 2 · t < K 2 · S2
Where:
• I2 · t is calculated from the catalogue of the switch
• K is a factor that depends on the nature of the conductor and its final short-
circuit temperatures. It has a value of 143 for a copper and XLPE conductor.
• S is the section of the conductor
I 2 · t < 1432 · 252
I 2 · t < 12780625
Thus, the selected switch is a Schneider Electric c120N  curve C – model 
A9N18361, which have the following characteristics:
• Rate current: 80 A  
73,39 ≤ 80 ≤108
• Breaking capacity: 10 kA.
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10 kA ≥ 1388 A
• Magnetic current: 400 A
400 ≤ 1388 A
• Specific let-through energy: 11000 A2 · s (approximately)
11000 < 12780625
Therefore, this switch complies with all the requirements. Its catalogue is 
attached at the end of this Annexes section on page 328 (3.10.7.2. Schneider Electric 
C120N). Once that the main switch has been calculated, it is necessary to calculate 
those required for every device. The following tables gathers this information.
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Magnetic compass Circuit 35 C35 24 0,006 7783206 23,610 0,331 0,1417 135,5
Anemometer Circuit 36 C36 24 0,006 7783206 23,610 0,331 0,1417 135,5
Navigation & signal
lights
Circuit 37 C37 24 0,006 7783209 5,919 0,272 0,0355
540,6
Searchlight Circuit 38 C38 24 0,007 7783210 3,458 0,256 0,0242 793,2
DGPS Circuit 39 C39 24 0,007 7783206 23,610 0,331 0,1653 116,2
Electromagnetic log Circuit 40 C40 24 0,007 7783206 23,610 0,331 0,1653 116,2
Telephon sys. Circuit 41 C41 24 0,008 7783206 23,610 0,331 0,1889 101,7
Exterior
communications
Circuit 42 C42 24 0,008 7783209 5,919 0,272 0,0474
405,5
Radar Circuit 43 C43 24 0,009 7783209 5,919 0,272 0,0533 360,4
Table 66: 24Vdc devices short-circuit currents
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Magnetic compass Circuit 35 C35 IC60 N – A9F76216 5,21 16 20 6 64 Yes
Anemometer Circuit 36 C36 IC60 N – A9F76216 5,21 16 20 6 64 Yes
Navigation & signal
lights
Circuit 37 C37 IC60 N – A9F76250 31,25 50 44 6 200 Yes
Searchlight Circuit 38 C38 IC60 N – A9F76250 46,88 50 61 6 200 Partial
DGPS Circuit 39 C39 IC60 N – A9F76216 0,52 16 20 6 64 Yes
Electromagnetic log Circuit 40 C40 IC60 N – A9F76216 5,21 16 20 6 64 Yes
Telephon sys. Circuit 41 C41 IC60 N – A9F76216 5,21 16 20 6 64 Yes
Exterior
communications
Circuit 42 C42 IC60 N – A9F76250 20,83 50 44 6 200 Yes
Radar Circuit 43 C43 IC60 N – A9F76250 15,63 50 44 6 200 Yes
Table 67: 24Vdc switches selection
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From this tables, we can sum up that it shall be necessary the following amount 
of switches:
September 2015 | Annexes Page 237
Figure 31: Selectivity in 24 Vdc devices
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
Rating current (A) Model Units
16 IC60 N – A9F76216 5
50 IC60 N – A9F76250 4
TOTAL 9
Table 68: Amount of iC60N switches
3.7.3.2. 230 Vac short-circuit current calculation
As it was done during the calculation of the cross-section of the conductors, we 
will take the short-circuit current calculation of the Circuit 3 as an example. 
This circuit shall count with the conductor EXZHELLENT – MAR RDT 0,6 / 1 
kV 2 x 1,5 + 1,5 mm2 – model 7783306. Referring to its catalogue, and as it was shown 
in the previous tables, this cable have a resistance of 0,02361 Ω/m, and an inductance of
3,31 · 10-7 H/m. Knowing this values, it will be possible to calculate the impedance that 
has this circuit, as well as the short-circuit current value.
Z SC≈0,9444Ω
As it is shown in the formula, the impedance shall take into account when the 
current is going to the load as well as when it is coming back. That is why it has been 
duplicated.
Now that we have the impedance value of the circuit, it is possible to calculate 
the short-circuit current value, which will be vital for the selection of the switch 
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2+X 2
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• ISC: Short-circuit current.
• CV: Voltage coefficient. Due to the fact that the impedance lies only in the 
impedance of the line, its value shall be 0,8.68
• VN: Voltage of the circuit.
• ZSC: Impedance of the circuit.
Once that this value is known, we can proceed to select the proper switch 
intended to protect the circuit from over-current and short-circuit situations. For this 
task, we will look for an adequate switch into the technical manual of Schneider Electric
called Acti 9.
Thus, the chosen switch shall be an iC60N circuit breaker, with two poles, and a 
rating value from 0,5 to 63 A. From 0,5 to 4 A, its breaking capacity reaches a value of 
50 kA, and from 6 to 63 A, the breaking capacity is 20 kA. Furthermore, the magnetic 
trip reaches a value of 4, 8 or 12 times its rating value, depending on the chosen curve. 
These parameters can be checked in its catalogue, which is added at the end of this 
annexe on page 327 (3.10.7.1. Schneider Electric iC60N).
68 Notes from “Instalaciones Eléctricas” Chapter 4 – Juan Luis Beira Jiménez
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Referring to the circuit 3, we have chose an iC60N with a rating value of 1 A 
(curve B), which have a breaking capacity of 50 kA. This switch complies with the 
following requirements:
• Rate current: 1 A
• Breaking capacity: 50 kA.
• Magnetic current: 4 A
The following tables gathers the switch selected for each circuit. 
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Sockets Circuit 1 C1 6 0,01420 3,07E-7 0,82360 223 IC60N – A9F73204 4 B 16 50
Sockets Circuit 2 C2 7 0,02361 3,31E-7 0,90880 202 IC60N – A9F76206 6 B 24 20
Lighting Circuit 3 C3 6 0,02361 3,31E-7 0,94440 195 IC60N – A9F73201 1 B 4 50
Lighting Circuit 4 C4 6 0,02361 3,31E-7 1,13328 162 IC60N – A9F73201 1 B 4 50
Emergency Lighting Circuit 5 C5 4 0,02361 3,31E-7 0,66108 278 IC60N – A9F74270 0,5 C 4 50
Table 69: Passengers Room (Port Switchboard - Switches)
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Sockets Circuit 6 C6 6 0,01420 3,07E-7 0,82360 223 IC60N – A9F73204 4 B 16 50
Sockets Circuit 7 C7 7 0,02361 3,31E-7 0,90880 202 IC60N – A9F76206 6 B 24 20
Lighting Circuit 8 C8 6 0,02361 3,31E-7 0,94440 195 IC60N – A9F73201 1 B 4 50
Lighting Circuit 9 C9 6 0,02361 3,31E-7 1,13328 162 IC60N – A9F73201 1 B 4 50
Emergency Lighting Circuit 10 C10 4 0,02361 3,31E-7 0,66108 278 IC60N – A9F74270 0,5 C 4 50
Table 70: Passengers Room (Starboard Switchboard - Switches)
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Circuit 11 C11 12 0,0142 3,07E-7 0,34080 540 IC60N – A9F73202 2 B 8
50
Lighting (Entrance) Circuit 12 C12 11 0,0236 3,31E-7 0,51942 354 IC60N – A9F74270 0,5 C 4 50
Lighting (Toilet) Circuit 13 C13 4 0,0236 3,31E-7 0,18888 974 IC60N – A9F74270 0,5 C 4 50
Emergency Lighting
(Entrance)




Circuit 15 C15 4 0,0236 3,31E-7 0,18888 974 IC60N – A9F74270 0,5 C 4
50
Extractor Fan Circuit 16 C16 3 0,0236 3,31E-7 0,14166 1299 IC60N – A9F73201 1 B 4 50
Air Conditioning 1 Circuit 17 C17 6 0,0236 3,31E-7 0,28332 649 IC60N – A9F76210 10 B 40 20
Table 71: Entrance & Toilet (Port Switchboard - Switches)
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Circuit 18 C18 12 0,0142 3,07E-7 0,34080 540 IC60N – A9F73202 2 B 8
50
Lighting (Entrance) Circuit 19 C19 14 0,0236 3,31E-7 0,66108 278 IC60N – A9F73201 1 B 4 50
Lighting (Toilet) Circuit 20 C20 4 0,0236 3,31E-7 0,18888 974 IC60N – A9F74270 0,5 C 4 50
Emergency Lighting
(Entrance)




Circuit 22 C22 4 0,0236 3,31E-7 0,18888 974 IC60N – A9F74270 0,5 C 4
50
Air Conditioning 2 Circuit 23 C23 6 0,0236 3,31E-7 0,28332 649 IC60N – A9F76210 10 B 40 20
Table 72: Entrance & Toilet (Starboard Switchboard - Switches)
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Sockets (Anteroom) Circuit 24 C24 8 0,01420 3,07E-7 0,2272 810 IC60N – A9F73202 2 B 8 50
Lighting (Anteroom) Circuit 25 C25 12 0,02361 3,31E-7 0,5666 325 IC60N – A9F73201 1 B 4 50
Emergency Lighting
(Anteroom)
Circuit 26 C26 12 0,02361 3,31E-7 0,5666 325 IC60N – A9F74270 0,5 C 4
50
Table 73: Anteroom (Port Switchboard - Switches)
September 2015 | Annexes Page 245
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications








































Table 74: Anteroom (Starboard Switchboard - Switches)
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Name Length (m) R (Ω/m) L (H/m) Z  (Ω) Isc (A) Switch In (A) Curve Imag (A)
Icu (kA)
Sockets Circuit 30 C30 7 0,01420 3,07E-7 0,1988 926 IC60N – A9F73202 2 B 8 50
Lighting Circuit 31 C31 3 0,02361 3,31E-7 0,1417 1299 IC60N – A9F74270 0,5 C 4 50
Emergency Lighting Circuit 32 C32 4 0,02361 3,31E-7 0,1889 974 IC60N – A9F74270 0,5 C 4 50
External Lighting Circuit 33 C33 50 0,01420 3,07E-7 1,4200 130 IC60N – A9F73220 20 B 80 20
Windlass Anchor Circuit 34 C34 10 0,02361 3,31E-7 0,4722 390 IC60N – A9F76210 10 B 40 20
Table 75: Bridge (230 Vac Switchboard - Switches)
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Name Length (m) R (Ω/m) L (H/m) Z  (Ω) Isc (A) Switch In (A) Curve Imag (A)
Icu (kA)
Sockets Circuit 44 C44 21 0,01420 3,07E-7 0,5964 309 IC60N – A9F73204 4 B 16 50
Lighting Circuit 45 C45 21 0,02361 3,31E-7 0,9916 186 IC60N – A9F73202 2 B 8 50
Emergency Lighting
(Opposite hull)








Circuit 48 C48 25 0,02361 3,31E-7 1,1805 156 IC60N – A9F73204 4 B 16
50
Extractor Fan Circuit 49 C49 15 0,02361 3,31E-7 0,7083 260 IC60N – A9F74270 0,5 C 4 50
Table 76: Engine Room & Electrical Compartment (Port Switchboard - Switches)
September 2015 | Annexes Page 248
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz




Name Length (m) R (Ω/m) L (H/m) Z  (Ω) Isc (A) Switch In (A) Curve Imag (A) Icu (kA)
Sockets Circuit 50 C50 21 0,01420 3,07E-7 0,5964 309 IC60N – A9F73204 4 B 16 50
Lighting Circuit 51 C51 21 0,02361 3,31E-7 0,9916 186 IC60N – A9F73202 2 B 8 50
Emergency Lighting
(Opposite hull)
Circuit 52 C52 26 0,02361 3,31E-7 1,2277 150 IC60N – A9F74270 0,5 C 4 50
Bilge Pump 3
(Opposite hull)
Circuit 53 C53 18 0,02361 3,31E-7 0,8500 216 IC60N – A9F73204 4 B 16 50
Bilge Pump 4
(Opposite hull)
Circuit 54 C54 25 0,02361 3,31E-7 1,1805 156 IC60N – A9F73204 4 B 16 50
Extractor Fan Circuit 55 C55 15 0,02361 3,31E-7 0,7083 260 IC60N – A9F74270 0,5 C 4 50
Table 77: Engine Room & Electrical Compartment (Starboard Switchboard - Switches)
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From the previous tables we can deduce that we shall need:
Rating current (A) Model Units
0,5 IC60N – A9F74270 17
1 IC60N – A9F73201 8
2 IC60N – A9F73202 7
4 IC60N – A9F73204 8
6 IC60N – A9F73206 2
10 IC60N – A9F73210 3
20 IC60N – A9F73220 1
TOTAL 46
Table 78: Amount of iC60N switches
It can be checked that every circuit fulfils the requirements of rate current, 
breaking capacity and magnetic current.
3.7.3.3. Switchboards short-circuit current calculation
In the same way that it was calculated the proper conductors that shall supply the
secondary switchboards, it is time to calculate the total short-circuit current of each of 
them, in order to select the adequate circuit breakers that will protect them.
Once again, it will be necessary to take the switchboards as the sum of every 
circuit hosted in them, obtaining a total power or total current value. We must chose 
circuit breakers that ensure all the requirements stated on the previous sections.
The following table gathers the result of this study.
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Switchboard Side Length (m) R (Ω/m) L (H/m) Z  (Ω) Isc (A) Switch In (A) Curve Imag (A) Icu (kA)
Passengers Room Port 3 0,00222 2,45E-7 0,0133 13826 IC60N – A9F75206 63 C 504 20
Starboard 7 0,00222 2,45E-7 0,0311 5926 IC60N – A9F75206 63 C 504 20
Entrance & Toilet Port 11 0,00346 2,56E-7 0,0761 2419 IC60N – A9F75204 40 C 320 20
Starboard 15 0,00346 2,56E-7 0,1037 1774 IC60N – A9F75204 40 C 320 20
Anteroom Port 9 0,00346 2,56E-7 0,0622 2956 IC60N – A9F75204 32 C 256 20
Starboard 5 0,00346 2,56E-7 0,0346 5321 IC60N – A9F75204 32 C 256 20
Bridge 230 Vac - 10 0,00346 2,56E-7 0,0692 2660 IC60N – A9F75204 63 C 504 20





Engine Rooms & Electrical
Compartments
Port 3 0,00346 2,56E-7 0,0207 8868 IC60N – A9F75204 40 C 320 20
Starboard 3 0,00346 2,56E-7 0,0207 8868 IC60N – A9F75204 40 C 320 20
Table 79: Secondary switchboards switches
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From the previous tables we can deduce that we shall need:
Rating current (A) Model Units
32 IC60N – A9F77232 2
40 IC60N – A9F77240 4
63 IC60N – A9F77263 3
80 C120N – A9N18361 1
TOTAL 10
Table 80: Amount of switches for secondary switchboards
3.7.3.4. Power inverter protection
Once that the conductors that supply the main 230 Vac switchboards have been 
sized (page 229 – 3.7.2.5. Power inverter cross-section), it is time to calculate the 
general protection that will be installed in those switchboards. As it was stated in the 
section previously named, the conductors shall withstand the hypothetical current that 
would flow through the interconnection during an emergency situation. This means that 
the general switch shall withstand it too, in order to allow one battery bank to supply the
whole electrical system (except from the motors).
The total current that will flow through those general switches was calculated 
earlier, and its value is 89,4987 A, and the conductor selected for this task was an  
EXZHELLENT – MAR Rdt 2x25 + 25, whose rate current is 108 A. Thus, we shall 
choose a general switch which rate current is between those values. 
For this task, we have selected a SCHNEIDER ELECTRIC C120N  Curve C – 
model A9N18362, whose rate current is 100 A, complying with the previous 
requirement. This switch will ensure the selectivity with the switches on the load side, 
except from the 63 A switches, which selectivity is not assured. 
89,4987 < 100 < 108
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Figure 32: Selectivity between C120N & iC60N
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3.7.4. Protection of the motors
As it has been calculated in 3.7.2.2. 144 Vdc cross-section calculation (page
195), the current that will appear in the motors during their peak function reaches a 





• SN: Power required by the motors and supplied from the battery bank. This 
parameter can have two values. During the Function regime reaches a value of 
18700 W for each motor, and during the Top Speed regime reaches a value of 
42500 W for each motor.





Thus, we shall select a proper circuit breaker in order to protect the motors 
during an over-current situation. 
For this task, we have chose the SCHNEIDER ELECTRIC NSX400N 320 A, 
which have a rate current value of 320 A. Its catalogue is added at the end of the 
Annexes section (page 336 – 3.10.7.6. Schneider Electric NSX400N).
3.7.5. Interconnection 
According to the aim of this project, both of the electrical systems placed in each
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of the hulls must be interconnected so as to prevent the vessel from being without 
electrical supply in case of emergency. Thus, if one of the systems gets unable to 
perform its task, the other one should be capable to feed the loads.
It will be necessary to have an interconnection in two levels, one in the motors 
network (144 Vdc) and the other one in the 230 Vdc network. This is due to the use of 
two different battery banks for each task. It can be checked on the Blueprints section 
(page 345 – 4. BLUEPRINTS)
The interconnection shall be made through the crossbar that connects both hulls, 
and its control may be placed on the Bridge in order to ease its function to the operators.
For this task, it will necessary to use a pair of isolator switches. Those isolator switches 
must be rated according to the total current that may flow through them. This value can 
be calculated by adding every single value of the loads on the other side.
3.7.5.1. 144 Vdc interconnection (Motors)
The interruption of electric currents have more problems with DC networks than 
AC current. In the alternating current exists a natural step where the current reaches a 
zero-value in each half cycle. It is related to a spontaneous shutdown of the electric arc 
when the circuit is opened. In the DC system this does not happen and to extinguish the 
arc, it is necessary that the current decreases until it has disappeared. To achieve this, it 
shall be necessary that the interruption is performed gradually, without abrupt 
cancellations of the current that would lead in high voltages.
First of all, it is necessary to calculate the amount of current that may flow 
through the isolator switch. This value shall depend on the total power required. Due to 
the fact that the switch will interconnect both motors, it will be only necessary to divide 
its rate power value by the voltage level.
During the Function operating condition, which is the main condition where the 
vessel will be operating, the motors shall require 18,7 kW. Nevertheless, we should take
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into account the Top Speed condition where the motor will be working at its top, i.e. 
42,5 kW. However, this interconnection shall be used only during emergency situations. 
This means that the motors shall not be able to work at their Top Speed condition, but at
a lower level than the Function condition. For this case, we suppose that the motors 
shall work with a 70% of their cruising capacity. Thus, with the values of power and 
voltage we can obtain the required current.
• Motor rate power: 13,1 kW







I IS = 90,9028 A
Thus, according to the Classification Society, for a rate current of 90,90 A, two 
poles and 90º C, it is necessary to use a conductor with 25 mm2 of cross-section, which 
give us a maximum current of 108 A.69 The chosen conductor shall be a EXZHELLENT
MAR – Rdt 2x25 + 25 mm2, model 7783312.
For this task, we have chosen the SCHNEIDER ELECTRIC INTERPACT 
INS250, which have a rate current value of 100 A. Its catalogue is attached at the end of 
this Annexes section (page 331 – 3.10.7.4. Schneider Electric Interpact INS250).
Thus, we ensure that the rate current of the isolator switch is between the actual 
current and the rate current of the conductor.
69 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 51 (July 2013)
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90,90 < 100 < 108
3.7.5.2. 230 Vac interconnection
For the 230 Vac interconnection, we must proceed in the same way as the 144 
Vdc interconnection. In this case, we will have more loads, and it will necessary to add 
all their power requirements. 
The interconnection shall supply the switchboards placed on the Passengers 
Room, the Entrance & Toilet, Anteroom, Bridge (230 Vac & 24 Vdc) and the Engine 
Rooms & Electrical Compartments. 
Therefore, it is time to calculate the cross-section required in the 
interconnection. This conductor shall interconnect both 230 Vac main switchboards, and
therefore it will support half of the 230 Vac loads previously calculated, and the whole 
24 Vdc system of the Bridge. Although the two of the switchboards do not hold the 
same amount of loads, their values are virtually the same, because of the almost 
symmetrical distribution of the loads between both systems. 
Thus, we will assume that this conductor will support half of the 230 Vac loads 
and the whole 24 Vdc system of the Bridge. Their values can be checked at the power 









PT = 4595,8 W
Assuming a power factor (cos φ) of 0.9 in the 230 Vac, and considering 1 in the 
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24 Vdc system, we will obtain the total current that this conductors shall support:














I T = 74,1035 A
Referring to the Classification Society, it shall be necessary a 2x16 mm2 
conductor for this task, allowing a maximum current of 82 A. For this conductor, we 
have chosen a EXZHELLENT MAR – Rdt 2x16 + 16 mm2, model 7783311.
On the other hand, we have to stablish a way to make this interconnection. For 
this task, we will install two isolator switches in each end of the conductor. This will 
allow us to let the current flow or not to flow, depending on the situation. 
The isolator switch that we require must have a rate current value higher than 
74,1035 A. Thus, we have chosen the SCHNEIDER ELECTRIC INTERPACT INS80, 
which have a rate current value of 80 A. Its catalogue is attached at the end of this 
Annexes section (page 334 – 3.10.7.5. Schneider Electric Interpact INS80).
Thus, we ensure that the rate current of the isolator switch is between the actual 
current and the rate current of the conductor.
74,10 < 80 < 82
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3.7.6. Bridge selector switch
Due to the structure of the electrical system, the Bridge is thought to be feed by 
both systems (one in each hull). Thus, both 230 Vac and 24 Vdc switchboards shall be 
supplied through a two position selector switch.
For this task, we have choose the SCHNEIDER ELECTRIC CM 18070 two 
position selector switch. Its main characteristics, as are shown in its catalogue (page 330
–  3.10.7.3. Schneider Electric CM 18070), are as follows:
• Rated operational current: 20 A
• Control type:  Toggle 2 positions.
• Mounting mode: Fixed
• Height: 82 mm
• Width: 18 mm
• Depth :75 mm
• Electrical durability: 30000 cycles AC-22.
This switch can be placed at the Bridge in order to ease the operator in case of 
necessity.
3.7.7. Rating of earth conductors
All earthing connections of copper shall have sufficient cross-section to prevent 
the current density exceeding 150 A/mm2 at the maximum earth fault currents that can 
pass through them.
Minimum cross-section of earthing conductors shall be as listed in the following 
figure: 70
70 DNV - Electrical Installations, Pt.4 Ch.8 Sec.2 – Page 48 (July 2013)
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Figure 33: Earthing connections and conductors
According to this table, and referring to 2.6.8. Grounding (page 44), we will 
chose a cross-section of 16 mm2 for each ground connection. Thus, we ensure that it 
complies with the requirements of the system.
3.8. Basic Health and Safety Study
3.8.1. Introduction
According to the UNE 157001 2014, the Basic Health and Safety Study must be 
included in the projects as part of the Annexes section. Thus, we will proceed to its 
development in the following sections.
3.8.1.1. Justification of the Basic Health and Safety Study
Royal Decree 1627/1997 of 24 October, which sets the minimum health and 
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safety requirements during the implementation, states in paragraph 2 of Article 4 that 
works not included in the cases provided in the paragraph 1 of that Article, shall 
required a Basic Health and Safety Study by the Promoter.
Therefore, it must be checked that all the following circumstances applies:
• The Budget is less than € 450,759.
• b) The estimated duration of the work does not exceed 30 days, or more than 20 
operators are not working simultaneously.
• c) The estimated amount of workers is less than 500 workers-day.
• d) There are no tunnels, galleries, dams or underground pipes.
Because of the compliance of the requirements of the Royal Decree 1627/1997 
of 24 October, the following Basic Health and Safety Study is developed.
Also, this Basic Study complies with Law 31/1995, of November 8, (Law of 
occupational hazard prevention) in relation to the Employer's to inform and give 
adequate instructions in relation to the risks in the workplace and the protective 
measures and prevention.
Based on this Basic Study and Article 7 of the Royal Decree 1627/1997, each 
Contractor shall prepare a Safety and Health Plan based on their own system of 
implementation of the work, taking into account the particular circumstances of the 
work under.
3.8.1.2. Aim
As specified in paragraph 2 of Article 6 of the Royal Decree 1627/1997, the 
Basic Study shall specify:
• The safety and health standards applicable to the work.
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• Identification of occupational hazards that can be avoided, indicating the 
necessary technical measures.
• List of workplace risks that can not be eliminated as stated above specifying the 
preventive measures to control and reduce risks assessing their effectiveness, 
especially when alternative measures are proposed. If any, it will take into 
account any task implemented. It shall contain specific measures according to 
the paragraphs of Annex II of the Royal Decree).
• Forecasts and information to implement in the future, under appropriate 
conditions of health and safety.
3.8.1.3. Works data
The status and the type of the works implemented are explained in the Memory 
of this project.
3.8.1.4. Electric power supply
The provisional electricity supply will be taken from the batteries, and in turn, 
from the shore connection, being provided the necessary attachment points on the 
location of the installation works.
3.8.1.5. Drinking water supply
The water supply will be through the regular supply lines in the region, area, etc.
In the event that this is not possible, they have the necessary means to ensure their 
regular existence since the beginning of the work.
3.8.1.6. Sanitary facilities
It must have enough sanitary facilities. There must be means to facilitate the 
evacuation or relocation to specific places of faecal waters, so do not impact the 
environment.
3.8.1.7. Servitude and conditions
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No interference in the work is expected, because if civil works and installation 
can be performed by different companies, there is no coincidence in time. However, 
according to Article 3 of the Royal Decree 1627/1997, if more than one company is 
involved in work implementations, the Promoter shall designate a coordinator 
specialized in safety and health matters during the implementation of the work. This 
designation should be subject to an express contract.
3.8.2. Safety standards to be applied in the works
Safety standards to be applied in the work are described below:
• Law 31/1995 of 8 November,  occupational hazard prevention.
• Royal Decree 485/1997 of 14 April about safety signs at work.
• Royal Decree 486/1997 of 14 April, about safety and health in the workplace.
• Royal Decree 487/1997 of 14 April, about handling of loads.
• Royal Decree 773/1997 of 30 May, about use of personal protective equipment.
• Royal Decree 39/1997 of 17 January, about regulation of prevention services.
• Royal Decree 1215/1997 of 18 July, about the use of work equipment.
• Royal Decree 1627/1997 of 24 October, about the minimum health and safety 
requirements set out in construction.
• Workers' Statute (Law 8/1980, Law 32/1984, Law 11/1994).
3.8.2.1. Incompatibility between standards
In case of contradiction between two rules or between specified herein and as 
indicated in a standard, it will prevail the criteria that provides greater security.
3.8.3. Validity
Validity of this safety plan starts from the date of its approval by the health and 
safety coordinator appointed by the property.
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3.8.4. Changes in the Basic Health and Safety Study
The Basic Health and Safety Study may be modified depending on the 
implementation process of the works, the progress of the works and any incidents or 
modifications that may arise throughout the works. Such amendments must also be 
approved by the Coordinator on health and safety.
The Basic Health and Safety Study, must be in the place permanently available 
to people involved in the implementation of the works, people with prevention 
responsibilities and the representatives of the workers, who may, in writing and in a 
reasoned manner, suggestions and alternatives as appropriate.
Also, the Basic Health and Safety Study will be permanently available for the 
Director.
3.8.5. Organization and responsibilities
According to the Royal Decree 1627/1997, there must be a coordinator for safety
and health matters during the implementation of the works, which will develop the 
functions described in Article No. 9 and 10 of the Royal Decree. Both Contractor and 
Subcontractors, will apply as described in Article 11 of the Decree. Their application 
shall be binding to all staff of the Contractor.
The works implemented by the workers of the Contractor, will be only those 
relating to the organization and supervision of contracted work,. This task shall be done 
by the Project Manager and Technician on prevention.
Also, under this Basic Study of Safety and Health, each Subcontractor will 
prepare a Plan for Safety and Health at Work which will analyze, study, develop and 
complement the provisions contained in the Basic Study of Health and Safety , based on
its own system of implementation of the work and/or it will be annexed to our study.
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As it was stated in the Memory, this project is focused on a two hull vessel, and 
it will not have a defined location.
3.8.6.2. Works description
The scope of this document will include the whole electrical system of a two 
hull vessel, including its propulsion as well as the luminaries, ventilation, etc. It is 
thought to perform as a pure electric system, ensuring a zero-emission performance.
3.8.6.3. Implementation time
The implementation time of the works shall be four months.
3.8.6.4. Amount of workers
The estimated amount of workers shall be of five workers per working day.
3.8.6.5. Machinery
Machines, tools and auxiliary sources that are going to be used in the work in 
this study they are as follows.
3.8.6.6. Electrical and instruments installation
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• Hand tools
3.8.6.7. Machines
It is expected to use the following machinery for the implementation of the 
works:
• Backhoe
• Electrical cement mixer
• Lifting crane
• Material transport truck
3.8.6.8. Auxiliary sources
It is expected to use the following sources for the implementation of the works:
• Hand metal ladders, or failing this, small scaffolds, to work in short heights, or 
to access a high place on the ground. No metal ladders shall be used in the 
vicinity of unprotected electrical installations.
3.8.7. Protections
3.8.7.1. Collective protections
Necessary collective protection will be study according to the project blueprints 
and considering the types of risks listed above and the needs of the workers. The 
following list gathers the planned protections:
• Several warning of danger signs.
◦ Mandatory use of safety boots.
◦ Mandatory use of gloves.
◦ Mandatory use of safety glasses.
◦ Danger: contact with electric current.
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• It will be checked that all machinery and tools have their collective protections 
under current regulations.




• Presence of fire extinguishers nearby.
3.8.7.2. Individual Protection Equipment









The Contractors must provide their workers with training and safety information 
necessary for the implementation of the works. To this end talks about starting activities 
will be given, as well as single lectures. All of them shall inform the workers about the 
risks that they are exposed, as well as preventive and protective measures that they 
count with to avoid them. It must keep a record justifying the talks and the assistance 
given.
Besides. they shall be notified with the use of different security features 
mentioned herein.
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In the operations of maintenance, implementation, etc. it shall count with proper 
staff and the right to development various activities. Breaks between shifts must be set 
as well. 
In the case that the works are performed by anyone other than the operators of 
the project, operators will be duly approved according to the safety standards of the 
property.
3.8.9. Preventive medicine
This section gathers the measures to reduce the consequences of accidents that 
the workers are inevitably exposed to. This will be implemented through four measures:
• Medical surveillance of the workers.
• First-aid kits.
• Swift action in the first support of injured workers.
• Healthcare medicine in case of accident or illness.
3.8.10. Medical supervision
As it is stated in the current legislation, all workers of the main Contractor and 
Subcontractors working on this project must have been declared suitable in a medical 
examination by specialists in occupational medicine of the corresponding Employment 
Mutual, with which the main Contractor and Subcontractors have hired all healthcare 
services.
3.8.11. First aid at work
First-aid kits are not allow for small cures work. The first aid support should be 
done in the Medical Services of the property.
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3.8.12. Intervention and first aid
The Contractor must hire the services of an employment mutual (External 
Prevention Service).
It shall be  provided in a visible place a list of telephone numbers and addresses 
of the employment mutual, ambulances, firemen, taxis, etc., as well as a map of the 
closest medical centres to the work and the access roads that allows the faster way to 
ensure transport of injured people to assistance centres.
3.8.13. Medical care in temporary or permanent work disability
This service is covered by the Employment Mutual, which has contracted 
coverage policy for permanent or temporary disability, as well as death by accident or 
occupational disease. Each Subcontractor will set the corresponding equivalent 
insurance.
3.8.14. Accident/incident information
It shall be necessary to follow the procedures of the property. Also, when an 
accident occurs, with or without time-off work, Contractors/Subcontractors will fill the 
report of standardized accident, sending it to the Security Coordinator of the work 
within less than 24 hours . Under no circumstances the injured worker will be taken out 
from the facilities without prior notification.
Subsequently, the research report of standardized accidents will take place 
following the protocol stated in it, requesting the cooperation of witnesses if any and 
describing with the utmost rigor and detail the conclusions reached after the 
investigation at the place of the facts, which will be presented to the Security 
Coordinator.
3.8.15. Budget 
In the Execution Material Budget (EMB) of this project has been reserved a 
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section with a budget of 2079,61€euros for the Basic Health and Safety Study.
Royal Decree 1627/1997 sets minimum requirements and there is no 
requirement of an estimate to quantify the total expenditure planned for the 
implementation of this study.
Although not mandatory we recommend booking in the project budget an 
amount for the Basic Health and Safety Study., which can vary between 1% and 2% of 
the EMB, depending on the type of work.
3.8.16. Further works
Paragraph 3 of Article 6 of Royal Decree 1627/1997 provides that in the  Basic 
Health and Safety Study will take place forecasts and information for carrying out 
further works, under proper conditions of health and safety.
3.8.17. Promoter's obligations
Before the start of works, the Promoter shall appoint a coordinator for safety and
health, every time that  during the implementation of the works it requires more than a 
company, or a company and various self-employed or self-employed.
The introduction of Royal Decree 1627/1997 and Paragraph 2 of Article 2 states 
that the Contractor and the Subcontractor shall be as an employer for the purposes 
specified in the regulations on prevention of occupational hazards. As during the 
building work is common the existence of numerous subcontractors, it will be possible 
the existence of a Coordinator in the implementation phase.
The appointment of the Coordinator for Safety and Health matters shall not 
relieve the Promoter from responsibilities. The Promoter must make a notification to the
labor authority before the start of works, and it must be drafted in accordance with the 
provisions in Annex III of Royal Decree 1627/1997 . It must be exposed visibly in the 
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work and updated if necessary.
3.8.18. Health and Security Coordinator
The appointment of the Coordinator in the drafting and implementation of the 
work will fall on the same person.
Health and Security Coordinator shall perform the following functions during 
the execution of the work,:
• Coordinate the application of general principles of prevention and safety.
• Coordinate the activities of the work to ensure that businesses and active 
personnel applied consistently and responsibly the principles of preventive 
action as reflected in Article 15 of the Law on Prevention of Occupational Risks 
in the implementation of the work, and particularly in the activities referred to in
Article 10 of Royal Decree 1627/1997.
• Approve the Health and Safety Plan prepared by the Contractor and, where 
appropriate, the changes applied.
• Organize the coordination of business activities provided in Article 24 of the 
Law on Prevention of Occupational Risks.
• Coordinate activities and control functions for the correct application of the 
methods of work.
• Take the necessary measures to ensure that only authorized persons may access 
to the work.
The Director will assume these functions when the appointment of the 
coordinator is not necessary.
3.8.19. Security and Health Plan
Under the Basic Health and Safety Study, the Contractor shall prepare a Safety 
and Health Plan before starting the works, in which will analyse, study, develop and 
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complement the provisions contained in the Basic Study and depending on his own 
system of work implementation. The Plan shall include, where appropriate, proposals of
alternative prevention measures, made by the Contractor and with the corresponding 
technical justification. This measures must not involve decreased levels of protection 
under the Basic Study.
The Health and Safety Plan must be approved before the start of the work by the 
Safety and Health Coordinator. This may be modified by the Contractor according to the
process of implementation of the works, the progress of the works and any incidents or 
modifications that may arise throughout the works, but always with the express 
approval of the Coordinator. When the appointment of the Coordinator is not required, 
the functions attributed to it will be assumed by the Director.
Staff involved in the implementation of the work, as well as people or companies
with prevention responsibilities may submit suggestions and alternatives that might 
improve the Plan. The Plan shall be available at the work.
3.8.20. Contractor and Subcontractor's responsibilities
Contractor and Subcontractor must comply with the following requirements:
• 1. Apply the principles of preventive action as reflected in Article 15 of the Law 
on Prevention of Occupational Risks,  in particular:
◦ Maintaining the work in a clean state.
◦ Selection of jobs and work areas, taking into account their access and 
determining routes or areas of displacement or movement.
◦ Manipulation of different materials and use of auxiliary resources.
◦ Maintenance, prior check and regular monitoring of facilities and devices 
necessary for the implementation of works, in order to correct the defects 
that may affect the safety and health of the workers.
◦ Delimitation and conditioning of storage areas, particularly if it's hazardous 
September 2015 | Annexes Page 273
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
materials.
◦ The storage and disposal of wastes.
◦ The collection of hazardous materials.
◦ The adaptation of the time period of the stages of the works.
◦ The cooperation between all those involved in the work.
◦ The interactions or incompatibilities with any other work or activity.
• 2. Comply with the Health and Safety Plan and make his staff to comply with it.
• 3. Comply with the rules on the prevention of occupational risks, taking into 
account the obligations on the coordination of business activities provided in 
Article 24 of the Law on Prevention of Occupational Risks and meet the 
minimum requirements set out in Annex IV Royal Decree 1627/1997.
• 4. Inform and provide the self-employed workers with the Health and Safety 
measures required.
• 5. Address the instructions and comply with the instructions of the Coordinator 
for safety and health during the implementation of the work.
Contractor and Subcontractor will be responsible for the proper implementation 
of preventive measures stated in the Plan. Also, they will be responsible for the 
obligations that apply directly to them or, where appropriate, to workers hired by them. 
They will also be responsible for the consequences caused by the failure of the measures
stated in the Plan.
The responsibilities of the Coordinator, Director and the Promoter shall not 
exempt the Contractors and Subcontractor from theirs. 
3.8.21. Self-employed workers' responsibilities
The self-employed workers are required to:
• 1. Apply the principles of preventive implementation stated in Article 15 of the 
Law on Prevention of Occupational Risks, and in specially:
◦ Maintaining the work place in good order and cleanliness.
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◦ The storage and disposal of wastes.
◦ The collection of hazardous materials.
◦ The adaptation of the time period of the stages of the works.
◦ The cooperation between all workers involved in the work.
◦ The interactions or incompatibilities with any other work or activity.
• 2. Comply with the requirements stated in Annex IV of Royal Decree 
1627/1997.
• 3. Adjust their work to the duties on the coordination of business activities 
provided in Article 24 of the Law on Prevention of Occupational Risks.
• 4. Comply with the obligations established for workers in Article 29, paragraphs 
1 and 2 of the Law on Prevention of Occupational Risks.
• 5. Using work equipment complying with the provisions of Royal Decree 
1215/1997.
• 6. Choose and use protective equipment in the terms established in Royal Decree
773/1997.
• 7. Address the instructions and comply with the instructions of the Coordinator 
for safety and health.
The self-employed must meet the provisions of the Health and Safety Plan.
3.8.22. Book of Incidents
In every workplace there will be, for the purposes of controlling and monitoring 
the Safety and Health Plan, a Book of Incidents consisting of sheets in duplicate and 
will be given by the Technician who has approved the Safety Plan and Health. It should 
always be kept in the workplace by the Coordinator. The Director, Contractors and 
Subcontractors, self-employed workers, people with responsibilities in the prevention of
the companies involved, representatives of workers and technicians will have access to 
the book, who can make notes in it.
They may only make entries in the Book of Incidents related to compliance with 
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the Plan.
Every time an entry is made in the Book, the Coordinator must return within 
twenty-four hours a copy to the Labour and Social Security Inspectorate of the province
in which the work is being implemented. The Coordinator shall notify the Contractor   
and workers' representatives such endorsements.
3.8.23. Work stoppage
During the execution of the works, if the Coordinator notices a non-compliance 
with health and safety measures, he must inform the Contractor and shall record such 
infringement in the Book of Incidents, being authorized to, in circumstances of serious 
and imminent risk to safety and health of workers, have the paralysis of pits or, where 
appropriate, the whole work.
The Coordinator will report this fact to be relevant, to the Labour and Social 
Security Inspectorate of the province in which the work is being implemented. The 
Coordinator shall also notify the Contractor, and if any, the Subcontractors and/or self-
employed workers.
3.8.24. Worker's rights
Contractors and Subcontractors must ensure that workers receive adequate and 
understandable information about all measures required to be taken in regard to their 
safety and health at work.
A copy of the Health and Safety Plan and any of its amendments will be 
provided by the Contractor to the representatives of workers in the workplace.
3.8.25. Minimum safety and health requirements in the works
The expected duties in the three parts of Annex IV of Royal Decree 1627/1997, 
that sets minimum requirements of safety and health in the construction shall be applied 
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whenever required by the features of the work or activity, the circumstances or a hazard.
September 2015 | Annexes Page 277
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
3.9. DIALux results
3.9.1. Interior lighting
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3.9.2. DIALux – Emergency lighting
September 2015 | Annexes Page 289
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 290
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 291
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 292
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 293
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 294
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 295
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 296
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 297
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
3.10. Catalogues
In this section will be shown the catalogues of the devices used in this document.
3.10.1. Battery bank catalogue
3.10.1.1. SAFT SEANERGY Battery System
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3.10.1.2. SEANERGY Modules
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3.10.2. Motor catalogue
3.10.2.1. ELCO EP-10000
September 2015 | Annexes Page 302
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
3.10.3. Power inverter catalogue
3.10.3.1. VICTRON ENERGY QUATTRO
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3.10.4. Ventilation fan catalogue
3.10.4.1. NEOLINEO-100-Q
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3.10.5. Luminarie catalogues
3.10.5.1. GLAMOX CASA 16 13F SI
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3.10.5.2. GLAMOX I70 LED
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3.10.5.3. GLAMOX E85-S
September 2015 | Annexes Page 314
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 315
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
3.10.5.4. GLAMOX E80-S
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3.10.5.5. GLAMOX JET 7
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3.10.6. Conductor catalogues
3.10.6.1. PROTOMONT NSSHÖU
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3.10.6.2. EXZHELLENT – MAR RDt
September 2015 | Annexes Page 324
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 325
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 326
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
3.10.7. Switch catalogues
3.10.7.1. Schneider Electric iC60N
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3.10.7.2. Schneider Electric C120N
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3.10.7.3. Schneider Electric CM 18070
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3.10.7.4. Schneider Electric Interpact INS250
September 2015 | Annexes Page 331
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 332
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
September 2015 | Annexes Page 333
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
3.10.7.5. Schneider Electric Interpact INS80
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3.10.7.6. Schneider Electric NSX400N
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3.10.8. Battery Charger catalogue
3.10.8.1. MASTERVOLT Mass 24/75
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3.10.9. Switchboard catalogue
3.10.9.1. Legrand XL3 160
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3.10.10. High-current socket
3.10.10.1. Marechal PFQ3
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4. BLUEPRINTS
Electrical Engineering Degree
Author: Daniel Benítez Aragón
Director: Juan Antonio Palacios García
Co-Director: Germán Jiménez Ferrer
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5. TERMS AND CONDITIONS
Electrical Engineering Degree
Author: Daniel Benítez Aragón
Director: Juan Antonio Palacios García
Co-Director: Germán Jiménez Ferrer
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5.1. Aim
5.1.1. Contract aim
The aim of this document is the implementation of the whole electrical system in
a doble-hull vesell, specially its propulsion system.
Due to this, the RFQ document must be presented, in order to start the works 
previously mentioned. Those works must comply the requirements explained on this 
section.
The provision of services shall follow the requirements fixed at the Terms and 
Conditions section.
5.1.2. Terms and Conditions aim
The main purpose of this Terms and Conditions section lays in setting rules for 
the work offer requests  and set the rights and duties of the requesting companies, due to
the fact of being it from the very first moment of the request, as well as set all those that
may be produced after the first offer, if any.
5.2. General requirements
5.2.1. General terms
The requirements of this chapter apply to passenger ships and cargo ships, 
except where it is otherwise stated.
While these requirements are considered appropriate by the International 
Convention for the Safety of Life at Sea (SOLAS), 1974, and their amends applicable, 
they may also be given by a Regulatory Statute Authority of the country in which the 
vessel must be registered. Compliance with Regulators statutes Authority, may be 
accepted, meeting on the requirements of the International Convention for the Safety of 
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Life at Sea, 1974, and their applicable amends.
Electrical services required to keep the ship sailing, whiting operating and 
liability conditions must be able to keep it without making use of the emergency power 
supply. 
Basic services for security, should be kept under several emergency conditions.
Passengers, crew and ship security must be prevented from the electrical 
hazardous situations. 
Compliance with the International Electrotechnical Commission (IEC), 
publication
92 "Electrical Installations in Ships", or with an accepted National Charter may be 
accepted as appropriate to the requirements of this chapter, subject to inspection and test
in the presence of the inspector.
5.2.2. Blueprints
At least three copies of the blueprints should be provided for study. Additional 
copies must be provided when requested.
A single-line diagram of the main and emergency power and lighting system 
shall include:
• Characteristics of the machines, converters, batteries and semiconductors
• All suppliers connected to the main and emergency switchboards
• Distribution switchboards
• Insulation type, size and load current of the cables
• Closures, types and power of the circuit breakers and fuses.
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Blueprints shall count with calculations of short-circuit currents in the main and 
emergency switchboards.
For ships which explosive atmospheres due to gas and / or pulverized fuel may 
appear, it must be supplied a blueprint with a general layout of the ship showing the 
hazardous areas.
A list of the electrical equipment located in hazardous areas, give details of:
• Equipment type
• Type of protection (for example: Ex "d")
• Temperature class(for example: T3)
• Access protection of switchboards (for example: IP55)
• Authority certification
• Certificate number
• Location of the equipment
A top-view of the layout of the ship, representing the location of most of the 
items of electrical system, for example: main and emergency power suppliers, main and 
emergency switchboards, etc.
5.2.3. Energy sources quality
Every equipment fed from the main or emergency source of energy must be 
designed and constructed to be able to work satisfactorily under normal variations of 
voltage and frequency.
Every equipment shall operate satisfactorily with the following variations of 
their parameters when they are measured at the entrance of the terminal.
• Voltage:
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◦ Permanent changes: + 6%, -10%.
◦ Transients: + 20%, -15%.
◦ Recovery time: 1.5 seconds.
• Frequency:
◦ Permanent changes: + 5%.
◦ Transient variations: ± 10%.
◦ Recovery time: 5 seconds.
5.2.4. Location and construction of the electrical equipment
Electrical equipment, as far as possible, should be located in an accessible place,
free of flammable materials, well ventilated areas, where flammable gases may not be 
stored and where they are not exposed to the risk of mechanical damage or water, steam 
or oil. If they are necessarily exposed to such risks, the equipment must be properly 
constructed or isolated. Current carrying parts must be insulated, where necessary.
All appliances must be constructed, and installed so as not to cause injury when 
handled or touched during normal operation.
The insulation material and the isolated winding must be fire retardant and 
resistant to shock, water, sea air and oil mist, unless special precautions are taken to 
protect them.
The control circuits and / or pilot lamps shall not have current flowing through 
them when they are disconnected from the control switch. This shall not be applied to 
synchronism switches and / or sockets.
Operation of all electrical equipment and lubrication devices must be efficient 
under vibration and shock conditions that may occur during normal operation.
All nuts and screws used in with connection meanings must be tight.
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Conductors and equipment must be located at enough distance from magnetic 
compasses, or should be arranged so that the interference of the magnetic field are 
negligible when circuits are connected or disconnected.
Where electric power is used for propulsion, equipment must be located to work 
satisfactorily in the case of a partial flooding bilge water over the top of the tank, above 
the floor level.
5.2.5. Ground connections
All metal parts of electrical equipment not exposed to current and cables must be
grounded.
The metal covers of cables must be effectively grounded at both ends of the 
cables. In the final sub-circuits, rather than installed in hazardous areas or spaces, it 
shall only be considered adequate grounding at the end of the supply. Simple sockets 
may be accepted for instrumentation cables if considered for technical reasons.
Electrical continuity in metal covers of the cables must be assured along the 
entire length of the cable, specifically at the joints and sockets.
The metal parts of portable instruments must be grounded by a continuous 
flexible cable.
Grounding conductors must be made of copper or other corrosion-resistant 
material and be securely installed and protected, where necessary, against damage and 
against electrolytic corrosion. Connections must be secured so they can not work 
loosely under vibration situations.
The cross section of the copper cables is generally equal to the cross section of 
the conductors carrying current higher than 16 mm2. Above that value, they must be 
September 2015 | Terms and conditions Page 358
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
equal to the section of the current carrying cable with a minimum of 16 mm2. All other 
grounding cables must have a conductance no less than that specified for an equivalent 
grounding cable.
The connection of the grounding conductor in the hull, must be made in an 
accessible place, and must be secured by a screw or pin with a diameter greater than 6 
mm, which should only be used for this purpose. Shiny metal surfaces in contact areas 
must be secured immediately before the nut or screw is tightened, and where necessary, 
the union must be protected against electrolytic corrosion. The connection shall be 
unpainted.
5.3. General terms
5.3.1. General terms aim
This section aims to set those terms on which must lay the contracting and 
performance of every work that conforms this project.
5.3.2. Range of application
The terms that have been set on this section are thought to supply enough 
guarantees of proper performance in every device that conforms the calculated 
installation. Besides, security rules and length must be set to physical elements as well 
as the performance and set up procedures. All of this shall be based on the regular and 
responsible use of the said elements.
The official certificates needed before the supply and the placing of the materials
are named on these general terms, as well as the tests that are thought to be required by 
the direction, in order to check if the quality fulfils the specifications stated by the 
supplier. 
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5.3.3. Technical requirements
All the materials used must comply the quality specified by the technical 
documents. 
The contractor shall be responsible in the case of an improper final assembly. 
Once that the work is definitely awarded, and before it begins, the contractor must 
present, at the request of the work director, all information and material samples that are
related to the budget and the tender submitted.
Materials that have not been admitted by the director will not be certified. This 
previous control shall not constitute their final acceptance, due to the fact that they may 
be rejected if, even after their placement, they fail to comply the required conditions, 
which means that they must be replaced by material which does comply those 
requirements. 
5.3.4. Legal provisions
The Contractor is obliged to comply with the regulations of their job, the hiring 
of compulsory insurance, family and old age allowances,  and of sickness insurance and 
all the social regulations applicable or which may hereafter be issued.
The Contractor shall be classified, according to Order of the Ministry of 
Finance, in the group, subgroup and category related to the project and to be set in the 
Terms and Conditions documents, if appropriate.
5.3.5. Director authority
The Director will be responsible for solving, in general, all problems arising 
during the implementation of the works of this project, according to the powers granted 
by the legislation. 
Specially, the Contractor shall follow their instructions referring to the quality 
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and storage of materials, implementation of construction units, interpretation of 
blueprints and specifications, modifications of the project, implementation program of 
work and precautions to be taken while developing them as well as matters related to 
the conservation of landscape aesthetics that may be affected by the installations.
5.3.6. Contractor
The contractor may be every natural or legal person who has legal or technical 
right to perform it. The rights of the contractor, according to the Spanish law rules, must
exist and be credited at the moment of the first offer or contract.
Offers may be presented only by manufacturers or sellers of the installations 
implemented in this project, through themselves or their legal representatives. Any of 
them may credit the document given by bidding company, according to the 
requirements demanded by law.
The offers presented by the contractors verify the acceptance of each and every 
clause of this Articles and Condition section and those clauses established on the offer.
5.3.7. Work data
 A copy of the blueprints and specifications of the project will be delivered to the
Contractor, as well as those blueprints or data necessary for the full execution of the 
work.
The Contractor can make a copy, at their expense, Memory, Annexes and second
copies of all documents. The Contractor is responsible for the preservation of the 
original from which gets copies, which will be returned to the Director after its use.
Moreover, within a period of two months after the completion of the work, the 
Contractor must update the various existing blueprints and documents, according to the 
characteristics of the finished work, delivering the Director two full dossiers of the work
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actually executed.
The Contractor will not make alterations, corrections, omissions, additions or 
substantial changes in the data set in the project without prior written approval of the 
Director.
5.3.8. Work rethinking
When the Contractor has the project and before starting the works, the Director 
will be able to perform a rethinking of works paying special attention to the singular 
points, delivering to the Contractor those references and data needed to set their location
. It will be necessary a duplicated record, which must reflect clearly the data provided, 
signed by the Director and the representative of the Contractor.
Rethinking costs shall be paid by the Contractor. 
5.3.9. Improvements and variations of the project
They shall be considered as improvements or changes in the project those that 
have been expressly ordered in writing by the Director, with a fixed price prior to their 
execution.
Accessory or delicate works not included in the award prices, may be 
implemented with separate personnel of the Contractor.
5.3.10. Organization
The Contractor shall act as the legal representative, accepting all the 
responsibilities and being forced to pay wages and charges that are legally established, 
and generally everything that is legislated before or during the execution of the work. 
Within the terms of the Terms and Conditions documents, the organization of the work 
as well as and the determination of the origin of the used materials, shall be done by the 
Contractor who is responsible of the security against accidents.
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However, the Contractor shall inform the Director of all arrangements of 
technical organization of the work, as well as the source of the materials and comply 
with the orders given by  the Director concerning extreme data.
In the administration works, the Contractor shall provide daily report to the 
Director of admission of personnel, purchase of materials, rental of aids and all costs 
required. For employment contracts, material purchase or aid rentals, whose wages, 
prices or quotas exceed by more than 5% of the normal price in market, the Contractor 
shall seek the prior approval of the Director, who must respond within the following 
eight days the request, except in cases of urgency.
5.3.11. Work implementation
Works will be implemented according to the Project and the conditions 
contained in these Terms and Conditions and the special Terms and Conditions, if any.
 Unless by a Director approval in writing, the Contractor shall not make any 
alteration or modification of any kind in the implementation of the work according to 
the project or in the technical conditions.
The Contractor shall be responsible for the external staff which may be required 
for the administrative monitoring.
The Contractor shall choose a specialized technician for conducting the works, 
and he must be accepted by the Director.
5.3.12. Monitoring of the work
The Director will establish the monitoring of works that he considers as 
necessary. For all expenses related to surveillance, including wages, displacements, 
materials testing (mechanical and chemical), etc, the Contractor will pay each month for
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the corresponding amount.
5.3.13. Control book
In order to reach a proper coordination of the work and to avoid doubts and 
misunderstandings, the Contractor shall have available a control book in which shall be 
recorded in a diary form the executions and variations that may happen. Each work visit
must count with a signing of the project management and the person responsible of the 
work in the Contractor's name.
This book shall have numbered and signed pages and will be on the work 
location during the its duration. When modifications or variations are stated in drawings
or plans, they shall be dated and signed by both parties.
5.3.14. Inquiries request
Companies with interest in presenting offers may visit the installations explained
in this Terms and Conditions section. Also, they may make any explanatory inquiry that 
they consider as appropriate.
5.3.15. Proposal content
Offers must be presented in a closed envelope and signed by the contractor, 
representative person or the company concerned. In this offer, its content and tenderer 
name shall be declared. The closed envelope must have these documentations:
• Documents that credit the legal condition of the tenderer.
• Terms and Conditions observations: The bidding company may submit any 
observation that they want in this section, both administrative conditions and 
technical conditions. Those observations must be referred to the different 
sections on those Terms and Conditions documents that the bidding company 
may consider appropriate.
• Economic proposal. They must show the performance budget, (in unitary costs), 
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the whole budget of material implementation, the percentage of industrial profit 
applied, and 1% of the corresponding IVA tax, in order to obtain the 
performance budget.
• Works plan: The bidding company must present a work plan which shall contain 
the conclusion dates of the implementation phases. 
5.3.16. Awarding
The work plan may be awarded to one or two bidding companies. Once that the 
offer or offers that are more favourable have been approved (or rejected), every tenderer
must be informed with the final decision.
5.3.17. Withholdings
From the total amount paid to the contracter, a 5% of guarantee withholding 
shall be discount, which must be paid before one year of the period provided.
5.3.18. Delay penalization
If the period of time set by the tenderer in his proposal has been exceeded, a 
delay penalization of 1% shall be required for each day of delay from the original date 
of the works conclusion. This may be avoided only by any reason beyond their control.
5.3.19. Permissions and licenses
The contractor must paid all the permissions and licenses required for the works 
implementation. The contractor must pay as well the making of all documents and 
paperworks required for the legalization of every installation at the industrial delegation.
Instances of application fro approval and launching must be managed by the contractor 
too. The installations are not considered as finished until those documents are fully 
completed.
5.3.20. Termination of the contract causes
Whenever recidivism has done to any of the faults listed, there may appear 
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causes to the termination of the contract, without any economic compensation to the 
contractor company.
• If the contractor company was not complying with the offers requirements.
• If the contractor company did not maintain their commitments with the works 
implementation.
• If the contractor company was not complying any of the rest fixed requirements.
• The lack of observance in the work security measures.
• Produce damage actions to the installations or services of the property.
• Non-compliance with the current labour laws, specially the non-payment taxes 
and social security.
5.3.21. Subcontracting
The contractor company may not contract services from other company to 
implement some property committed duties without a previous report to the property, 
which must give its explicit unconditional written agreement before the subcontracting, 
reserving the right to reject it.
The contractor company shall assume in any case the whole responsibility of the 
work implementation, according to fixed requirements, as well as the total amount of 
the penalizations derived from the lack of compliance of the fixed economic 
agreements.
Related rules must complete the prescriptions of this Terms and Conditions 
section referring to those materials and work units which have not been mentioned in it 
specifically, depending on the judgement of the director engineer whether study the 
contradictions.
Subcontracts shall comply with the following requirements:
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• The Director must know in writing the subcontract work, showing parts of work 
to be done and their economic conditions, in order to obtain previously the 
Director's agreement.
• Units of work shall not exceed 50% of the total budget of the main work.
In any case, the Contractor shall not be linked at all nor recognize any 
contractual obligation between him and any subcontractor. Moreover, any 
subcontracting of works shall not relieve the Contractor of any of its obligations to the 
Employer.
5.3.22. Implementation period
Complete and partial deadlines indicated in the contract, shall start from the 
rethinking date. 
The Contractor shall comply with the deadlines that are indicated in the contract 
for the implementation of the works and they shall not be extended.
Nevertheless, deadlines may be modified when it is to be determined by the 
Director due to requirements of the completion of the work
If for any reason, completely unrelated to the Contractor , it is not possible to 
start  the works on schedule or had to be stopped once started, the extension strictly 
necessary will be granted by the Director.
5.3.23. Provisional review
Once construction is completed, on the following 15 days from the request of the
Contractor, a provisional reception of them shall occur by the Employer. The presence 
of the Director and Contractor's representative shall be necessary, with its corresponding
record, in which shall state conformity with the work, if this is the case. The record shall
be signed by the Director and the representative of the Contractor. The work would 
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considered as received if its implementation is correct, according to the requirements of 
the Terms and Conditions documents.
In the case that the work has not been received, it must be reflected on the record
and the Contractor will be given the required instructions in order to repair the observed
defects, setting a deadline. Once that period has expired, there will be a new 
examination. The repair shall be borne by the Contractor. If the Contractor fails to meet 
these requirements, it will be possible to declare the contract as terminated with 
consequential loss of the deposit.
5.3.24. Warranty periods
The warranty period shall be that one stated in the contract and shall start from 
the date of approval of the record, until final acceptance takes place. The Contractor is 
responsible for the conservation of the work, being their responsibility defect 
reparations due to bad execution or poor quality materials.
During this period, the Contractor shall afford the Employer against all third 
party claims.
5.3.25. Final acceptance
Once the warranty period specified in the contract is over, or after six months of 
provisional acceptance, final acceptance of the works shall start, with the presence of 
the Director and the representative of the Contractor, being necessary its proper record 
in a duplicate form (if the works are in conformity), which shall be signed by the 
Director and Contractor's representative and ratified by the Employer and the 
Contractor.
5.3.26. Work payment
Work payment shall be done in a monthly basis. Certificates containing only 
units completely finished shall be needed. Those certificates shall follow the established
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prices, reduced by 10%. Scaling, plans and references needed to check them shall be 
included as well.
The Director shall issue the certificates of the executed works that will be 
provisional documents. They may be rectifiable by the final settlement or any of the 
following certifications. Moreover, they will not suppose any approval or acceptance of 
the work performed.
5.3.27. Materials payment
Whenever there is no danger of disappearing or deteriorating collected and 
useful materials, according to the Director's judgement, they will be paid related to the 
decomposed prices. Such materials will be indicated by the Director, who must reflect it
on the work reception work, noting the deadline periods. The Contractor shall be 
responsible for any damage occurring in the loading, transport and unloading of the 
material.
Restitution of empty bobbins shall be made within a month, once the cable 
contained is installed. In case of delay in their return, damage or loss, the Contractor 
shall also bear the extra costs that may result.
5.3.28. Termination
If the implementation of the works was not adequate or of installed material does
not gather the required conditions, then it would be possible to lead to the termination of
the contract with the loss of the bond, if any, by the Contractor.
In this case a deadline must be fixed in order to complete the units whose 
stoppage could damage the works. During this period new jobs shall not be started. 
Supplies of materials that may have been made after the date of termination shall not be 
certified.
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5.4. Economic terms
5.4.1. Price composition
The following items are considered as direct costs:
• Those materials, with the price referring to the work, that stay integrated 
into the specific unit or that are necessary to their performance.
• Equipment and technical systems to security and sanitation in order to 
prevent and protect from accidents and professional diseases.
• Overhead costs are conformed of overhead costs of the company, 
financial costs, burdens and administrative fees, legally established. They
shall be expressed as a percentage of the sum of direct costs.
• Industrial profit: The industrial profit of the contractor is established on 
4% from the sum of the previous costs.
• Material implementation cost: The material implementation cost is based 
on the result obtained from the sum of the direct cost.
• Contract cost: The cost of the contract is the sum of the direct costs, 
overhead costs and the industrial profit.
• The IVA tax is based on that sum but does not integrate the price.
5.4.2. Contract cost
The contract cost is understood as the total cost of the unity of the work, i.e., the 
material implementation price, added to the percentage (%) of general costs and 
industrial profit of the contractor. General costs are normally set as 13% and the 
industrial profit as a 6%, unless the special conditions establish other percentages.
5.4.3. Contradictory prices 
Contradictory prices may appear only when the Property, through the director, 
decide to introduce items or quality changes, or when may be necessary to deal with an 
unforeseen circumstance. The contractor will be required to implementing the necessary
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changes. 
With absence of an agreement, the price must be set contradictorily between the 
technician and the contractor before the work has started and within the period 
established by the special Terms and Conditions. If the difference remains, the most 
similar concept within the prices must be used firstly, and as an alternative, the most 
used bank price in the city may be used as well.
The contradictory prices that may appear must always refer to unitary prices of 
the contract date.
5.4.4. Price increases complaints due to different causes 
If before the contract signing, the contractor would not have done the complaint 
or observation required, he or she will not be able to claim an increase in the fixed price 
of the corresponding budget as a basis for the work performance, under any pretext of 
mistake or omission.
5.4.5. Review of the contracted prices
Due to the fact that the works are contracted at their own risk and peril, it will 
not be admitted the price review as long as the increase of the missing items does not 
reach an amount higher than 5% of the total budget of the contract.
In case of variations higher than this percentage, a proper review must be carried
out, according to the procedure established on the special Terms and Conditions. Thus, 
the contractor shall receive an allowance corresponding to the difference resulting from 
a variation of the IPC higher that 5%.
There shall not be a review of the prices of those units that may be out of the 
provided deadlines in the timetable of the work.
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5.4.6. Material supply
The contractor must give the material supply and machinery required by the 
property. 
Once that are given by the owner, the supplied materials are of his property. 
Their preservation and caring are managed by the contractor.
5.4.7. Constructor responsibilities with poor performance of the
operators
If in the monthly summary that the constructor must give to the director about 
the implemented works, the director notices that, in every work or in one of them,  the 
performance of the operators are significantly lower than the regular ones generally 
admitted for similar operators, the constructor must be warned, in order to make him 
manage the necessary arrangements to increase the production related to the 
requirements of the director.
If the constructor has been informed, and in the following months the 
performance has not experienced an increase, the owner may claim for the difference, 
lowering the amount of money of the constructor up to 15%. If there is no agreement 
with the operators performance, this matter shall be attended by law.
5.4.8. Unjustified work improvements 
If the Contractor, even with the authorization of the Director, uses better made 
materials, or materials with a greater size that those one specified on the project 
documents, or if he replace them with a more expensive material, or in general, if he 
makes without authorization any change in the works that is beneficial under the 
judgement of the director, he will not have rights to additional charges, but the amount 
of money previously set on the project.
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5.4.9. Payment of budgeted works
Except for what is established about economic matters at the special Terms and 
Conditions, the payment of the budgeted works must be done according to the 
procedure required within those explained below:
• If there are fixed prices for similar items, those items without an specific amount
units shall be calculated based on the application of the established price.
• Contradictory prices must be set to those items without an specific amount of 
units if there are fixed prices for similar items 
• If there are no fixed prices for similar items, the items without an specific 
amount of units shall be paid completely to the Contractor, unless the work 
budget stablish that this payment must be justified. In this case, the Director 
shall report the Contractor the procedure that must be followed in order to 
comply that payment. Wages and items shall be refer to the accepted budget 
prices, or to those which, before the implementation of the work, have been 
accepted by both parts. Its total cost may be increased with the percentage fixed 
on the special Terms and Conditions section, referring to general costs and the 
industrial profit of the contractor.
5.4.10. Payments
Payments shall be effected by the owner within the periods previously 
established, and their amount shall correspond to those on the work certifications made 
by the Director.
5.4.11. Compensation due to non-justified delays in the 
termination of the works
Compensation due to non-justified delays must be set in a per thousand rate (‰) 
of the total cost of the contracted operations. This will be applied for every delay day, 
starting from the termination date fixed on the work timetable.
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The resulting amount shall be discount to the deposit.
5.4.12. Payment delays
Any application of ruling of the contract based on the delay of payments shall be
rejected when the contractor does not justify the budget related to the implementation 
period within the date specified in the contract. 
5.4.13. Work upgrades. Contrary cases
No work improvements shall be admitted, only in the case where the Director in 
writing ordered the execution of new works or works that improve the quality of the 
contract ones, and the materials and equipment under the contract. Work increases in the
contracted units shall not be admitted neither, except in case of error in the 
measurements of the project, unless expanding is ordered by the Director, in writing as 
well.
In all these cases it is an indispensable condition that both contracting parties, 
before his execution or implementation, agree in writing the total cost of the improved 
units, prices of new materials or equipment for using matters and all the increases that 
these improvements or increases may result on the amount of contracted units.
The same criteria and procedure shall be followed when the Director enter 
innovations involving a substantial reduction in the amount of contracted work units.
5.4.14. Defective but acceptable work units
Whenever defective but acceptable work (according to the Technical Director's 
judgement) is needed to be evaluated, the Technical Director of the works will 
determine the price after knowing the Contractor's opinion, who must comply with this 
resolution, except in the case where, being within the implementation period, he prefers 
to remake the work without exceeding that period.
September 2015 | Terms and conditions Page 374
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
5.4.15. Work insurance
The Contractor must insure the contracted work throughout the duration of its 
implementation, up to the final acceptance. The insurance price shall match with the 
price of the insured items. In the event of a loss, the amount paid by the Insurance 
Company shall be paid to the Owner. 
The Contractor's refund shall be made by certifications, like the rest of the work.
In any case the Owner may not have different necessities than the reconstruction of the 
damaged parts, unless the Contractor express his consent in a public document. 
Infringement of this clause shall be sufficient reason to allow the Contractor to 
terminate the contract with the return of the deposit, full payment of fees, collected 
materials, etc. as well as a compensation to the Contractor equal to the amount of 
damages caused, but only equivalent to the compensation paid by the Insurance 
Company, according to those damages caused by the loss. Those damages shall be 
assessed by the Technical Director. 
Conditions stated in the policy or policies of insurance, shall be informed to the 
Owner by the Contractor, in order to know if he agrees.
5.4.16. Works conservations
If the Contractor does not address the conservation of the works during the 
warranty period (which is his duty), the Technical Director, as the Owner representative,
will find anything he needs to take care of the cleaning and all that was necessary for 
the preservation of the work, being paid by the Contractor. 
5.4.17. Goods usage by the Contractor
During the implementation of the works, if the Contractor uses materials or 
supplies belonging to the same, under authorization of the Owner, he shall be obliged to 
repair them and take care of them in order to return them at the contract termination. 
They must be in perfect condition, and must be necessary a replacement of those which 
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have been disabled, without compensation for the improvements made to them.
If at the termination of the contract the Contractor has not comply with those 
requirements, then the Owner shall take responsibilities, paying in the Contractor's 
name and with fees charged to the deposit.
5.5. Technical conditions of performance and assembly of the 
electrical system
5.5.1. General terms
All materials used in the electrical system shall be high quality and shall meet 
the conditions  required by the regulations and other existing legal provisions 
concerning materials.
All materials may be subject to analysis or testing, which are necessary to prove 
their quality, on behalf of the Contractor. Any other analysis or tet that has been 
specified as necessary must be approved by the Technical Direction. They may be 
rejected if they do not comply with the conditions of the installation.
Those materials not mentioned in the project that may produce conflicting prices
shall meet the conditions required, according to the Director. The Contractor shall not 
have any rights to ask for a compensation due to those conditions.
All works in this project will be implemented carefully in accordance with the 
best practices of electrical installations, in accordance with the required regulations as 
well as a strict compliance with the instructions given by the Director. Therefore, the 
Contractor shall not use the price reduction as an excuse for those carefully 
implementations nor those best quality installations. 
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5.5.2. Main power supply system
5.5.2.1. General terms
The main power supply system shall comply with the requirements of this 
section, without using to the emergency power supply system
5.5.2.2. Amount and power capacity of the main power supply 
system
In normal operation, the amount and power of generators and inverters groups 
shall:
• Be enough to ensure the operation of electrical services for essential equipment, 
ensuring the living conditions and the machinery.
• Have enough capacity to allow starting the motors without causing any failure. 
Moreover, the release of a motor or any device due to excessive voltage drop in 
the system shall be avoided.
• Be capable of providing the electrical services needed to start the main 
propulsion machinery from a non-current condition. The source of emergency 
power can be used to help, if they can supply power for the required devices.
The arrangement of the main energy sources must be such that the operation of 
electrical equipment essential services, living conditions and the machinery is 
maintained.
5.5.2.3. Amount of power capacity of the converters
The number and power capacity of  power converters should be enough to 
ensure the operation of electrical equipment for essential functions, living conditions 
and machinery,  even when one of the power converters is out of service. 
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5.5.3. Emergency power supply system
5.5.3.1. General terms
It must be provided an independent power supply system for emergency 
situations.
The location of the emergency power supply system, their associated power 
converters, emergency switchboards and emergency lighting switchboard in relation to 
the main power supply system, must be such as to ensure that a fire or other casualty in 
spaces containing the main power supply system,  shall not interfere with the supply, 
control, and distribution of emergency power. Spaces containing the emergency power 
supply system shall not be next to the boundaries of Category A machinery. If this is not
possible, it must provided the details of the proposed provision.
It must be provided appropriate measures to protect in an independently way the 
emergency operation under all circumstances.
Emergency source of power may be used exceptionally and for short periods to 
feed circuits that are not an emergency.
The power available should be sufficient to feed all the essential services that 
ensure safety in an emergency situation. During a reparation of these services, both 
systems may be operated simultaneously. 
During normal operation of the main switchboard, the emergency switchboard 
must be fed by an interconnection, which must be adequately protected at the main 
switchboard against overload and short-circuit situations, and must automatically 
disconnected from the emergency switchboard if there is a fault the main source of 
electrical energy.
In order to ensure quick accessibility to the emergency power supply system, 
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provision should be made, where necessary, to automatically disconnect the circuits that
are not about emergency devices from the emergency switchboard to ensure that power 
is available to emergency circuits.
5.5.4. External power supply system
5.5.4.1. General terms
If there is a supply of electricity from a source in stowage or elsewhere, there 
must be installed a switchboard in a suitable location for the convenient reception of 
flexible cables from the external source. The switchboard shall have circuit breakers and
fuses.
Suitable cables must be provided, and they must be permanently fixed, 
connecting terminals of the switchboard to a switch and / or a circuit breaker in the main
switchboard. It must be provided with an indicator in the main switchboard to show 
when they have current flowing through them.
In the connection box must be provided a note with full information of the 
power system, the voltage and frequency of the system, and the procedure to connect it 
to the vessel.
5.5.5. Power supply and distribution
5.5.5.1. Supply and distribution systems
The following supply and distribution systems are accepted:
• DC system: One phase, two wires.
• AC system: One phase, two wires.
• AC system: Three phases, three wires. (Four phases with neutral grounded)
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In general, the voltage systems for alternating current and direct current shall not
exceed the following values:
• 15000 V for power generation and distribution.
• 500 V for cooking and heating equipment, permanently connected to fixed 
cables.
• 250 V for lighting, heating and other applications not listed previously.
Voltages above those previously defined shall be subject to special 
consideration.
The arrangement of the main power system shall be such that a fire or other 
casualty in any space containing the main source of electrical energy, its power 
converters, the main switchboard and the main lighting switchboard, do not leave 
inoperable emergency services.
The main switchboard should be located relatively far away from the main 
source of energy as possible, so that the integrity of the main power system may be 
affected only by a fire or other casualty in only one space.
The arrangement of the emergency power system shall be such that a fire or 
other accident in a space containing a source of emergency power, its power converters, 
the emergency switchboard and the emergency lighting switchboard, do not leave 
inoperable essential services.
The distribution system required for an emergency must be arranged in such a 
way that a fire in a main area, defined in SOLAS Chapter II-2 / A - 3.4.9, does not 
interfere with the emergency distribution in some other area.
Where the total electrical power of the main suppliers exceed 3 kW or it is 
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supplied with a high voltage, the devices should make possible to divide the 
switchboard at least in two independent sections, each one powered by at list a supplier, 
by using fuses or other measures.
Where the previous clause can be applied, and in addition, the essential services 
are duplicated, they shall be fed from a section switchboard. They must arranged in such
a way that makes possible to divide the section switchboard in at least two independent 
sections, each fed by a separate section from the main switchboard and directly from a 
power converter.
5.5.6. Utilization factor
Circuits supplying two or more sub-circuits must be classified in accordance 
with the total connected load, and where justified, the use of utilization factor. Where 
spare parts are provided on a section switchboard or distribution switchboard, tolerances
shall be implemented for future increases in load.
Utilization factors can be applied to the size of cables and breakers and fuses 
power calculations, related to the loads duty cycle calculations and the frequency and 
length of loads of motors.
For winches and lift motors utilization factor must be calculated and provided 
when required.
5.5.7. Lighting circuits
A final sub-circuit with an intensity exceeding 16A shall not feed more than one 
light point.
In final sub-circuit which a current value of 16 A or less, the number of light 
points fed by it shall not exceed the following values.
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• 10 light points for circuits of 24 - 55 V
• 14 light points for circuits of 110 - 127 V
• 18 light points for circuits of 220 - 250 V
The number of points shall not be restricted for final sub-circuits for information
panel and electrical signals lighting, where the light points are closely grouped. 
However, the maximum operating current for the sub-circuit shall not exceed 10 A.
Lighting circuits must be supplied by a final sub-circuit different from the 
heating and power.
The lighting of the Engine Rooms, control stations and work spaces should be 
supplied from at least two final sub-circuits, so that a failure of any of the circuits will 
not leave the space in darkness.
Lighting for hazardous enclosed spaces must be fed from at least two final sub-
circuits to allow the lighting from a circuit, and let the other one for maintenance 
matters.
The lighting in unoccupied spaces, such as cargo, must be controlled by multi-
pole switches, out of those areas. Complete isolation of these circuits and control 
measures for the blocking in the off position must be provided.
5.5.8. Motor circuits
For each motor, it must be provided a final sub-circuit, separated from essential 
services.
5.5.9. Motor control
Every electric motor should be provided with efficient measures to be started 
and stopped, placed to be easily handled by the operators of the motor. Each motor with 
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more than 0.5 kW must be provided with control devices as explained below.
Measures must be provided to prevent unwanted startings after a stop due to low
voltage or complete loss of voltage. This does not apply to engines where a hazardous 
condition may result from the breakdown of the automatic start.
Measures shall be provided to automatically disconnections in an over-current 
situation due to mechanical overloading of the motor.
The control unit of the motor must be suitable for the starting current and the 




 against over-current, including short-circuits and other electrical faults. Release time / 
fault tolerance of the devices must be provided. Moreover, the coordinated protection 
must ensure the following statements.
• Performance of essential and emergency services under failure situations by an 
erroneous action of protective devices. As far as possible, the devices must also 
ensure the performance of other services.
• The elimination of faults to reduce damage to the system and fire situations.
Protection against short circuits and overloads should be provided on each line 
not grounded in the power and distribution systems.
Protection against short circuits must be provided for each energy source and at 
every point where there is a subdivision in the distribution circuit. 
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Where protection circuits for power suppliers are provided, wiring between the 
generator and the switchboard must be installed in a way that minimizes the risk of 
short-circuit situations.
Short-circuit protection may be omitted from the wiring connections or 
equipment elements which are internally protected against short-circuits. Moreover, 
where short-circuits situations are inconsistent or  where wiring is installed in such a 
way that minimizes the risk of short-circuit, protection may be omitted as well.
Overload protection may be omitted in a isolated type circuit line or in circuits 
supplying equipment incapable of being normally overloaded.
5.5.10.2. Short-circuit protection
Protection against short-circuit current must be provided with circuit breakers or 
fuses.
Manufacturing characteristics and breaking strength of each device must be 
adequate protection for potential levels of failures in its implementation point.
5.5.10.3. Overload protection
Fuse, circuit breakers and other protective devices, provided for overload 
protection, shall melt / trip, ensuring the protection of the wiring and electrical 
equipment against overheating resulting from mechanical or electrical overload.
Fuses proposed for short-circuit protection must not be used for overload 
protection.
5.5.10.4. Motor protection
Engines whose power exceeds 0.5 kW shall be individually protected against 
overloads and short circuits. For motors that are duplicated for essential services, 
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overload protection can be replaced by an overload alarm.
Protection for motors and and their supplying cables may be equipped with the 
same device. Allowance shall be given taking into account the differences between the 
power of the motor and the cable.
5.5.10.5. Power converters protection
Protection against short circuits and overloads in power converters must be 
equipped with circuit breakers or fuses in the primary circuit.
5.5.11. Switchboard implementation
5.5.11.1. General terms
Where the assembly of distribution switchboards is necessary, their components 
shall comply with one of the following standard amendments:
• IEC Publication 439: Implementation of switchboards and control devices for 
low voltage.
• IEC Publication 298: AC switchboards in metal boxes and control devices for 
voltages from 1 kV up to 38 kV.
• IEC Publication 466: AC switchboards in isolated boxes for voltages from 1 kV 
Up to 38 kV.
• Approved and relevant National Standardization .
• In addition, it shall comply with the following requirements.
5.5.11.2. Location
An unobstructed space of not less than 1 meter wide shall be provided at the 
front of main switchboards. 
Where necessary, the space at the back of the main switchboards shall allow 
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their maintenance and, in general, it shall not be less than 0.6 meters, except if it can be 
reduced to 0.5 meters due to reinforcements or frames.
Locations defined above shall have non-slip surfaces. In addition, the surface 
shall be electrically isolated where the access to parts with current flowing through them
is normally possible.
5.5.12. Cables
Electric cables for fixed wiring shall be designed, manufactured and tested in 
accordance with an IEC Publication, set out in the following table, or with an approved 
National Standard.
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Application IEC Standard Title
General construction and 
test requirements
92-350 Shipboard power cables –
General construction and 
test requirements
Fixed energy and control 
circuits
92-353 Power cables for rated 
voltages 1 kV and 3 kV
Over 60 V instrumentation, 




and radio-frequency cables. 
General instrumentation, 
control and communication 
cables
Over 250 V control circuits.
92-376  Shipboard multicore cables
for control circuits
Fixed high voltage circuits.
502 Power cables with extruded 
insulation and their 
accesories for rated 
voltages from 1 kV up to 30
kV
Mineral insulation
702 Mineral insulated cables for
a voltage not exceeding 750
V
Table 81: IEC Standards
Electrical cables complying with IEC Publication 502 have stranded conductors. 
Electric cables for non fixed wiring applications shall comply with approved standards. 
For the implementation of this section, tubes, pipes, boxes and any other systems for 
mechanical protection of cables will be hereafter referred with the generic name of 
"protective coating".
Routine tests shall cover at least:
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• Measure of the electrical resistance of conductors
• High-voltage tests
• Measure of the insulation resistance
• For high voltage cables partial discharge tests shall be made according to the 
requirements of the relevant publication or the national standardization
Evidences of the successful completion of the routine testing will be provided by
the manufacturer. Particular and special tests shall be made, when required, in 
accordance with the requirements of the relevant publication or the national Standards. 
The manufacturer will issue a test report.
5.5.12.1. Voltages
The normal voltage of a cable shall not be less than the nominal voltage for 
which it is used. The maximum voltage which appear in the cables shall not exceed the 
maximum voltage for which it was designed.
The cables used in ungrounded systems shall be suitable to withstand the 
additional stresses that may appear in the isolation during a ground fault.
5.5.12.2. Operating temperature
For normal operation, the maximum temperature in the insulating material shall 
be at least 10 ° C higher than the maximum room temperature which is expected to 
appear in the space where the cable is installed.
For normal operation and short-circuit operation, the maximum conductor in the 
insulating materials shall not exceed the values listed in the following table.
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Insulating material Maximum temperature (ºC)
Normal operation Short-circuit
Polyvinyl chloride or 





Polyethylene (based on 








Silicon rubber 95 Shall be supplied
Mineral 95 Shall be supplied
Table 82: Maximum temperatures for cables
Cables constructed of an insulating material not included in the previous table 
shall comply with the national standardization.
5.5.12.3. Construction
Electrical cables should be at least of a flame-retardant type. It shall be accepted 
the compliance with  IEC Publication 332-1 (Tests on electric and optical fibre cables 
under fire conditions).
Exceptions to the above requirements will be subject to a special study 
(applications such as radio frequency systems and digital communications, which 
require the use of particular types of cables).
Where fire resistant cables are required, they shall meet the performance 
requirements of IEC Publication 331: Tests for Electric Cables under Fire Conditions.
Where electric cables are installed in locations exposed to water, damp places or 
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with steam, in machinery rooms, refrigerated spaces or exposed to noxious fumes 
including petrol vapor, shall have the insulated conductor with closed material in a 
coated cover material appropriate to the environment.
Electrical cables whose construction requires metal coating, armor or braided 
shall be provided with a complete coating or other measures to protect the metallic 
element from corrosion.
 Circuits with a rate current above 20 A shall need cables whose shield is of a 
non-magnetic material.
Electrical cables shall be able to withstand the mechanical and thermal effects of
the maximum short-circuit current that can flow in any part of the circuit in which they 
are installed, taking into account not only the time/current characteristics of the circuit 
protection devices, but also the maximum short-circuit current that may appear. Where 
maximum short-circuit current exceeds 70 kA, evidences shall be supplied for its 
analysis, when required, showing that the cable construction can withstand the effects of
short-circuit current.
5.5.12.4. Size
The maximum continuous load carried by a cable shall not exceed its continuous
regime current. Cables shall be chosen so that the normal maximum temperature of the 
cable during normal operation, is not exceeded in the isolation. When required, 
correction coefficients may be applied.
The cross-sectional area of the conductors shall be enough to ensure that, under 
short-circuit conditions, the normal maximum operating temperature of the conductor 
during short-circuit regime is not exceeded, taking into account the time/current 
characteristics of the protection devices and the maximum values of likely short-circuit 
current.
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Regime current of the cables given in the following tables are based on the 
maximum conductor temperature of the cable. Whenever the cross-section is chosen 
based on maximum current values, their characteristics shall be given for their analysis. 
Alternative short-circuit temperature limits other than those given in the tables can be 
used according to the method of IEC 724 (Guide To the Short-Circuit Temperature 
Limits of Electric Cables) or national standardization.
Figure 34: Rating of cables with temperature class 70º C
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Figure 35: Rating of cables with temperature class 90º C
The cross-sectional area of the conductors shall be enough to ensure that voltage 
variations does not happen in when the cable takes the maximum current under normal 
operating conditions. Those variations are:
• Voltage:
◦ Permanent changes: + 6%, -10%.
◦ Transients: + 20%, -15%.
◦ Recovery time: 1.5 seconds.
Size of the ground conductors shall comply with the following requirement: The 
cross section of the copper cables is generally equal to the cross section of the 
conductors carrying current higher than 16 mm2. Above that value, they must be equal 
to the section of the current carrying cable with a minimum of 16 mm2. All other 
grounding cables must have a conductance no less than that specified for an equivalent 
grounding cable.
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The cross sectional area of the conductors used in circuits with cyclic or 
discontinuous loads shall be enough to ensure that the normal maximum temperature of 
the conductor does not exceeded the limits when the cable is operating under normal 
operating conditions.
5.5.12.5. Cable installation
The routing of the cables shall be fixed, as far as possible, in a straight line and 
in accessible locations. 
The minimum inside bending radius for the installation of fixed cables shall be 
given in accordance with the construction and size of cables and shall not be less than 



























Table 83: Minimum internal bending radius
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Electrical cables for essential and emergency services shall be arranged, as far as
possible, to avoid galleys, engine rooms and other enclosed spaces with high risk of fire,
unless when it is necessary. Those cables shall be, wherever possible, taken at a 
convenient distance of the bulkheads to prevent them from being useless due to the heat 
of the bulkheads that may be caused by a fire in an adjacent space.
Electrical cables shall have different maximum temperature than the insulation 
materials with. Thus, they must be installed so that the maximum permissible conductor
temperature for normal operation of each cable is not exceeded.
Electrical cables shall have a protective coating, which must not damage the 
coating of other cables when grouped with them.
Electrical cables will be installed as far from heat sources as possible. If it 
cannot be avoided installing electric cables close to heat sources, and where 
consequently there is a risk of damage to cables by heat, they will be installed with 
suitable protection, insulation or other precautions.
If electrical cables are installed in groups, provision shall be made to limit the 
spread of fire, which can be performed by the use of suitable fire stops markers. They 
can be considered alternative devices.
Electrical cables will not be covered or painted with materials that could 
adversely affect its function or its fire protection features.
Electrical cables should be arranged, if possible, at an enough distance from 
sources of mechanical danger. Where necessary, the cables will be protected according 
to the requirements of the following section.
5.5.12.6. Mechanical protection of cables
Electrical cables exposed to risks from mechanical damage shall be protected by 
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suitable protective enclosures, unless protective coatings (i.e. shield or cover) are 
sufficient to withstand the possible cause of damage.
Electrical cables in areas where there is exceptional risk of mechanical damage, 
such as warehouses, stowage spaces, cargo, etc., shall be adequately protected by metal 
protective enclosures, unless the ship's structure provides adequate protection.
Non-metallic and fixed, protective enclosures must be flame retardant, according
to the requirements of IEC 92-101 (Definitions and general requirements). The metal 
protective enclosures shall be effectively protected from corrosion.
5.5.12.7. Fixing of cables
Electrical cables shall be effectively supported and secured, without being 
damaged. It shall be necessary the use of systems which are difficult to ignite as clamps 
or collars.
Distances between supports will be given according to the type of cable and the 
likelihood of vibrations, and shall not exceed 400 mm. For a horizontal cable, fixing 
must be provided to contain the movement of the cable. Spacing between the fixed 
points can be more than 900 mm, if it is scheduled to have holders with maximum 
spacing, as specified in the following table.
This relationship shall not be applied to cables going in open areas or which may
be subject of seawater forces. 
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Cable external diameter Shielded cables
(mm)
Unshielded cables
(mm)Greater than (mm) Lower than (mm)
- 8 200 250
8 13 250 300
13 20 300 350
20 30 350 400
30 - 400 450
Table 84: Maximum spacing of staples or clamps for fixing of cables
Holders and accessories shall have robust and resistant to corrosion materials or 
adequately insulated from corrosion before its implementation.
Where electric cables are fixed with clamps made of a material other than metal, 
the material must be flame resistant, and suitable fixings will be supplemented by metal 
clamps, spaced at a regular distance that does not exceed 2 meters.
One core cables shall be secured using holders with adequate resistance in order 
to withstand the maximum values corresponding to the expected short-circuit current 
forces.
5.5.12.8. Penetration of bulkheads by cables
Where electrical cables pass through bulkheads, isolated from fire, that separate 
areas or dangerous spaces non-hazardous from hazardous, the arrangement shall ensure 
the integrity of bulkheads and decks so that they are not damaged. The arrangement 
shall ensure that the cables are not adversely affected.
Electrical cables that pass through decks shall be protected by covering them 
with passing-decks tubes. Where cables pass through heat insulation, they will be made 
at right angle in tubes sealed at both ends.
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5.5.12.9. Installation of protective enclosures in cables
Protective enclosures shall be mechanically continuous through joints, and 
effectively supported and secured to prevent damage to electrical cables. 
The inner radius of bending protective enclosures shall not be less than that 
required for the largest cable installed.
5.5.12.10. One core cables for alternating current
When installed in protective enclosures, electrical cables belonging to the same 
circuit shall be installed in the same protective covers, unless the protective casing is 
made of non-magnetic material.
The staples shall include electrical cables of all phases of a circuit, unless the 
clamps are made of non-magnetic material.
5.5.12.11. Ends of the cables
The ends of all conductors with a cross section larger than 4 mm2, shall be fixed 
with compression sleeves or mechanical clamps. Welded sleeves can be used in 
conjunction with non-corrosive flux, which provide during short-circuit regime a 
maximum temperature of conductor in the union not greater than 160 ° C.
Electrical cables with hygroscopic insulation (for example, mineral insulation) 
shall have their ends sealed against moisture penetration.
Sleeves and terminal connections shall have design and dimensions such that the
maximum current flowing through them shall not produce heat that could damage the 
insulation. Temperatures produced shall not exceed those permitted for the insulation of 
the wires.
The fixing solutions shall be able to withstand the thermal and mechanical 
effects of short-circuit currents.
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5.5.12.12. Joints and circuits in cable systems
If joints are necessary, it shall be implemented so that all the cables are properly 
fixed, isolated and protected from the air. The flame-proofing and fire resistant 
properties of the cable shall be saved. The continuity of the metal covers, braided or 
armored, shall be maintained and current carrying capacity of the cables shall not be 
affected.
Sockets shall be made in proper boxes, with a design which keeps the drivers 
adequately insulated, protected from the air and installed in terminals or main busbars 
with appropriate dimensions for the current regime.
5.5.12.13. Lighting. General terms
The lamp holder shall be constructed of fire retardant and non-hygroscopic 
materials.
Lighting fixtures shall be arranged to prevent temperature increases, which 
overheat or damage surrounding materials. They must not damage the integrity of the 
fire divisions.
5.5.12.14. Incandescent and halogen lighting
The tungsten filament lamps and caps shall comply with the following table.
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Designation Maximum performance Maximum current








































Table 85: Lamps and caps
Caps of E40 type shall be provided with measures for holding the lamp in the 
socket.
5.5.12.15. Fluorescent lighting
Fluorescent lighting and their caps shall comply with the previous tables.
Accessories, capacitors and other devices shall not be mounted on surfaces that 
may be subject to high temperatures. If they are separately implemented, they shall be 
enclosed in a grounded conductive housing.
If there are installed capacitors of 0.5 microfarads or more measures shall be 
provided for download them when the power is turned off.
5.5.12.16. Plugs and sockets
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The rise of temperature in the active parts of the plug and the socket shall not 
exceed 30 ° C. The plug and the socket shall be constructed so that they can not easily 
be short-circuited if the plug is in or out, and the pins of the plug can not be made in 
such a way that each pole of the plug may be grounded.
Every socket with a rated current of 16 A or more shall be fitted with a switch, 
and shall be closed so that the plug can not be inserted or taken out when the switch is 
in the “On” position.
Where it is necessary to ground the parts which do not carry current of portable 
or transportable equipment, some effective measures in order to ground the sockets shall
be applied.
On exposed weather decks, kitchens, laundries, machinery spaces and all wet 
locations, plugs and sockets must be protected against rain and spray, and shall be 
provided with measures to maintain quality after moving the pin.
5.6. Electrical equipment in flammable gas atmospheres or with
pulverized fuel
5.6.1. General terms
The installation of electrical equipment in areas containing flammable gas or 
stem and / or pulverized fuel shall be minimized as far as possible, through the 
necessary implementations and supply of lighting, indicators, alarms and controls that 
enhance the security of the vessel.
5.7. Navigation and operation systems
5.7.1. Command devices
Two exclusive circuits supplied from the main source of electrical power shall be
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provided for each electric or electro-hydraulic command device. Moreover, each circuit 
shall have adequate capacity for supplying all motors which can be connected 




Navigation lights shall be connected separately to a distribution switchboard 
which must be implemented only for this task. This switchboard must be connected 
directly or through power converters, to the main switchboard. The distribution 
switchboard shall be accessible to the operator.
Each navigation light shall be controlled and protected in each insulated pole by 
a switch and a fuse or circuit breaker implemented on the switchboard.
Each navigation light shall count with an automatic indicator which must give 
acoustic and / or optical indications of the breakdown of the light. If only one sound 
device is installed, it shall be connected to an independent power source, for example a 
battery, provided with devices to prove their performance. If an optical signal is 
used,connected in series with navigation light, measures  shall be provided in order to 
prevent the extinction of the navigation light at the failure of the signal. The 
requirements of this paragraph shall not apply to tugs vessels, fishing vessels or other 
small vessels. On the navigation bridge It shall be provided that the navigation lights are
transferred to an alternative circuit supplied from the main source of power.
5.9. Fire-fighting system
5.9.1. Fire detection and alarm systems
Systems of fire detection and alarm system shall be supplied from exclusive 
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circuits from two sources of power, one of them shall be an emergency source, with 
automatic switch located on or adjacent to the main display panel of fire detection.
The control panel of fire detection shall be placed on the Bridge.
Detectors and manual call points shall be grouped into sections. With the 
activation of the detectors or manual call points, a visual and audible signal shall start at
the control panel and the indicator devices. If the signal has not been handled in the 
space of two minutes, an audible alarm will sound automatically throughout the crew 
accommodation and service spaces, control stations and machinery space of Category 
A. This sound system alarm is not needed to be an part of the detection system.
The indicator devices shall point out at least the section where the detector or 
manual call has been activated. At least one unit shall be located in an easily accessible 
place to the members of the crew. If the control panel is located in the central control 
station then a display unit shall be located on the Bridge.
The information shall be clearly indicated in each display unit about the spaces 
covered and the location of the section.
5.10. Emergency security systems
5.10.1. Emergency lighting
Emergency lights shall be arranged in such a way that a fire or other casualty in 
spaces containing the emergency source of electrical power, power converters and the 
emergency lighting switchboards does not let inoperative the main lighting system.
The level of illumination provided by the emergency lighting shall be adequate 
to allow evacuation in an emergency situation, taking care of the possible presence of 
smoke.
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Exists of each main room occupied by passengers or crew shall be continuously 
lighted by an emergency lighting.
Switches shall not be installed at the final sub-circuit of the accessories of the 
emergency lights, unless the implemented lightings are working in unmanned spaces, 
for example stowage rooms, refrigeration rooms, etc. Switches shall only be accessible 
to the crew, ensuring that emergency lightings are powered when such spaces are 
occupied.
Where emergency lightings accessories are connected to dimmers, its regular 
level of lighting shall be automatically restored when the main lighting is lost.
Accessories shall be specially marked to indicate that they are part of the 
emergency lighting system.
5.10.2. Emergency alarm system
An electrically operating bell or horn or other warning system installed in 
addition to the ship's whistle or siren to warn about the general emergency alarm, shall 
meet the requirements of this section.
The alarm system shall be powered by exclusive circuits, one from the main 
source of power and the other one from the emergency  source of power, with automatic
switching located at or adjacent to the distribution panel of the main alarm signal.
5.10.3. Public address system
Where the public address system is within internal communication equipment 
required in an emergency, it shall be supply by exclusive circuits, one from the main 
power supply system and the other one from the emergency power supply system. It 
shall use automatic switching located adjacent to the public address system.
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5.11. Terms of use, maintenance and security
5.11.1. Work security
The Contractor shall provide what were necessary for the maintenance of 
machines, tools, materials and working equipment in a safe condition.
While operators are working in voltage circuits or equipment with voltage or 
close to them, they shall wear clothing without metal accessories and avoid unnecessary
use of metal objects; meters, rulers, handles of oilers, cleaners, etc. used should not be 
of conductive material. Tools or equipment shall be carried in bags. Insulated footwear 
shall be used, or at least without bindings nor soles with steel spikes.
The staff of the Contractor must use all devices and personal protective 
equipment, safety clothing and tools required to eliminate or reduce hazards during their
performance. Those equipments may be helmet, goggles, insulated stool, etc. The 
Director may suspend the work if he considers that the Contractor's staff is exposed to 
dangers that are correctable.
The Director may require the Contractor, ordering it in writing, termination of 
the work of any employee or worker who, by recklessly, was able to cause accidents 
that did endanger the physical integrity of the worker or his partners.
The Director may require at any time before or after the commencement of the 
work that the Contractor presents the documents that prove the social security systems 
of all types (affiliation, accident, illness, etc.) in the way legally established.
5.11.2. Public security
The Contractor shall take all the maximum precautions in all operations and use 
of equipment to protect people, animals and things of hazards from work. The 
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Contractor shall be responsible of those accidents.
The Contractor shall maintain enough insurance policy to protect him and his 
employees or workers against liability for damages, public liability, etc. that may be 
incurred either by the Contractor or others as a result of the implementation of the work.
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6. BILL OF MATERIAL
Electrical Engineering Degree
Author: Daniel Benítez Aragón
Director: Juan Antonio Palacios García
Co-Director: Germán Jiménez Ferrer
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6.1. Introduction
It shall be necessary to create a list of the materials that are going to be used in 
this project in order to carry out the Budget . The following list will detail some 
characteristics of these materials which have been chosen by using catalogues extracted 
from the internet. 
The list must indicate the amount of units that are going to be used. When it 
comes to conductors, the units will express the amount of meters that we are going to 
use.
Once that the Bill of Material is completed, we can proceed to calculate the 
Budget of this project.
6.2. Batteries
Code Description Units
BA01 SAFT Seanergy Module
Compact modules integrating VLM Fe Li-ion cells, module 
supervision and cell balancing
28,00
BA02 SAFT Seanergy Battery Management System (BMS)
Monitors, calculates and reports data from the SAFT Seanergy 
Module
2,00
BA03 SAFT Seanergy Case
SAFT Seanergy Modules storage
2,00
BA04 Conductor PROTOMONT NSSHÖU-J 2x95 mm2 0,6/1 kV
Connection with the quay
20,00
BA05 Conductor PROTOMONT NSSHÖU-J 2x16 mm2 0,6/1 kV
Connection with the quay
20,00
BA06 High-current socket MARECHAL PFQ3
Connection with the quay
2,00
September 2015 | Bill of Material Page 409
Development of a zero-emission propulsion system based on Li-ion batteries for marine applications
Daniel Benítez Aragón | University of Cádiz
6.3. Motors
Code Description Units
MO01 144 Vdc Switchboard LEGRAND XL3 160 2,00
MO02 Electric DC Motor ELCO EP-1000 2,00
MO03 General Automatic Switch SCHNEIDER ELECTRIC 
NSX400N 320 A
2,00
MO04 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 





PI01 48 Vdc Switchboard LEGRAND XL3 160 2,00
PI02 Power Inverter/Charger VICTRON ENERGY MULTIPLUS 5 
kVA 48 Vdc/230 Vac
2,00
PI03 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x25 + 25 mm2
30,00
PI04 General Automatic Switch SCHNEIDER ELECTRIC C120N 
2x100A 
2,00
PI05 230 Vac Main Switchboard LEGRAND XL3 160 2,00
6.4.2. Interconnections
Code Description Units
IN01 Isolator switch SCHNEIDER ELECTRIC INTERPACT 
INS250, 100 A
2,00
IN02 Isolator switch SCHNEIDER ELECTRIC INTERPACT INS80, 
80 A
2,00
IN03 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x16 + 16 mm2
30,00
IN04 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 30,00
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0,6/1 kV 2x25 + 25 mm2
6.4.3. Power rectifiers
Code Description Units
PR01 Rectifier/Battery Charger MASTERVOLT MASS 24/75 1,00
PR02 2 positions selector switch SCHNEIDER ELECTRIC CM 
18070 20 A




PR01 Passengers Room Switchboard LEGRAND XL3 160 2,00
PR02 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x63 A 2,00
PR03 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x4 A 2,00
PR04 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x6 A 2,00
PR05 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x1 A 4,00
PR06 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x0,5 A 2,00
PR07 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x16 + 16 mm2
10,00
PR08 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x2,5 + 2,5 mm2
122,00
PR09 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x1,5 + 1,5 mm2
116,00
PR10 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 




Sockets holder with ground connection on the side. In one-
phase systems, with ground connection (phase, neutral and 
ground), including gang box, universal instrument box with 
screws, socket holder type Schuko 10 – 16 A 
26,00
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PR12 GLAMOX CASA 16 113F SI
Downlight 1x19 W. Downlight, in Galv Steel. White trimring. 




Surface mounted escape rout light or anti panic emergency light
system based on LED
8,00
PR14 GLAMOX E80-S
Exit sign based on LED. White painted aluminium with 
component plate in polycarbonate.
2,00
6.6. Entrance & Toilet
Code Description Units
EA01 Entrance & Toilet Switchboard LEGRAND XL3 160 2,00
EA02 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x40 A 2,00
EA03 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x2 A 2,00
EA04 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x1 A 2,00
EA05 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x0,5 A 7,00
EA06 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x10 A 2,00
EA07 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x10 + 10 mm2
26,00
EA08 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x2,5 + 2,5 mm2
24,00
EA09 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x1,5 + 1,5 mm2
73,00
EA10 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 




Sockets holder with ground connection on the side. In one-
phase systems, with ground connection (phase, neutral and 
6,00
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ground), including gang box, universal instrument box with 
screws, socket holder type Schuko 10 – 16 A 
EA12 GLAMOX CASA 16 113F SI
Downlight 1x19 W. Downlight, in Galv Steel. White trimring. 




Surface mounted escape rout light or anti panic emergency light
system based on LED
7,00
EA14 GLAMOX E80-S
Exit sign based on LED. White painted aluminium with 
component plate in polycarbonate.
1,00
EA15 Extractor Fan (Toilet) FANTECH EN31 1,00
6.7. Anteroom
Code Description Units
AR01 Anteroom Switchboard LEGRAND XL3 160 2,00
AR02 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x32 A 2,00
AR03 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x2 A 2,00
AR04 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x1 A 2,00
AR05 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x0,5 A 2,00
AR06 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x10 + 10 mm2
14,00
AR07 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x2,5 + 2,5 mm2
16,00
AR08 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x1,5 + 1,5 mm2
49,00
AR09 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 1x16 mm2
Ground and protection
10,00
AR10 Schuko sockets 4,00
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Sockets holder with ground connection on the side. In one-
phase systems, with ground connection (phase, neutral and 
ground), including gang box, universal instrument box with 
screws, socket holder type Schuko 10 – 16 A 
AR11 GLAMOX CASA 16 113F SI
Downlight 1x19 W. Downlight, in Galv Steel. White trimring. 




Surface mounted escape rout light or anti panic emergency light
system based on LED
5,00
AR13 GLAMOX E80-S
Exit sign based on LED. White painted aluminium with 




BR01 Bridge Switchboard LEGRAND XL3 160 2,00
BR02 Circuit breaker SCHNEIDER ELECTRIC c120N 2x80A 1,00
BR03 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x63 A 1,00
BR04 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x2 A 1,00
BR05 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x0,5 A 2,00
BR06 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x20 A 1,00
BR07 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x10 A 1,00
BR08 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x16 A 5,00
BR09 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x50 A 4,00
BR10 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x16 + 16 mm2
10,00
BR11 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x25 + 25 mm2
10,00
BR12 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 57,00
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0,6/1 kV 2x2,5 + 2,5 mm2
BR13 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x1,5 + 1,5 mm2
51,00
BR14 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x6 + 6 mm2
22,00
BR15 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x10 + 10 mm2
7,00
BR16 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 




Sockets holder with ground connection on the side. In one-
phase systems, with ground connection (phase, neutral and 
ground), including gang box, universal instrument box with 
screws, socket holder type Schuko 10 – 16 A 
2,00




Surface mounted escape rout light or anti panic emergency light
system based on LED
2,00
BR20 GLAMOX E80-S
Exit sign based on LED. White painted aluminium with 
component plate in polycarbonate.
1,00
BR21 GLAMOX JET 7
Exterior lighting. Jet 7 body sym hammered reflector black
7,00
BR22 Windlass anchor MAXWELL MARINE RC10 1,00
6.9. Engine Rooms & Electrical Compartments
Code Description Units
EE01 Anteroom Bridge LEGRAND XL3 160 2,00
EE02 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x40 A 2,00
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EE03 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x4 A 6,00
EE04 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x2A 2,00
EE05 Circuit breaker SCHNEIDER ELECTRIC iC60N 2x0,5 A 4,00
EE06 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x10 + 10 mm2
6,00
EE07 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x2,5 + 2,5 mm2
42,00
EE08 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 
0,6/1 kV 2x1,5 + 1,5 mm2
210,00
EE09 Conductor GENERAL CABLE EXZHELLENT – MAR RDT 




Sockets holder with ground connection on the side. In one-
phase systems, with ground connection (phase, neutral and 
ground), including gang box, universal instrument box with 
screws, socket holder type Schuko 10 – 16 A 
8,00




Surface mounted escape rout light or anti panic emergency light
system based on LED
12,00
EE13 Bilge pump VIGILEX SS 4,00
EE14 Extractor Fan NEOLINEO-100-Q 4,00
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7.1. Batteries
Code Description Units Unit/Price Price
BA01 SAFT Seanergy Module
Compact modules integrating VLM Fe Li-
ion cells, module supervision and cell 
balancing
28,00 2.559,00 € 71.652,00 €
BA02 SAFT Seanergy Battery Management 
System (BMS)
Monitors, calculates and reports data 
from the SAFT Seanergy Module
2,00 1.031,00 € 2.062,00 €
BA03 SAFT Seanergy Case
SAFT Seanergy Modules storage
2,00 468,95 € 937,90 €
BA04 Conductor PROTOMONT NSSHÖU-J 
2x95 mm2 0,6/1 kV
Connection with the quay
20,00 161,21 € 3.224,20 €
BA05 Conductor PROTOMONT NSSHÖU-J 
2x16 mm2 0,6/1 kV
Connection with the quay
20,00 27,15 € 543,00 €
BA06 High-current socket MARECHAL PFQ3
Connection with the quay
2,00 2.575,00 € 5.150,00 €
Total Batteries: 83.569,10 €
7.2. Motors
Code Description Units Unit/Price Price
MO01 144 Vdc (Motors) Switchboard 
LEGRAND XL3 160
2,00 365,78 € 731,56 €
MO02 Electric DC Motor ELCO EP-1000 2,00 20.256,58 € 40.513,16 €
MO03 General Automatic Switch SCHNEIDER 
ELECTRIC NSX400N 320 A
2,00 2.855,22 € 5.710,44 €
MO04 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
40,00 201,10 € 8.044,00 €
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2x50 mm2
Total Motors: 54.999,16 €
7.3. Distribution
7.3.1. Power inverters
Code Description Units Unit/Price Price
PI01 48 Vdc Switchboard LEGRAND XL3 160 2,00 365,78 € 731,56 €
PI02 Power Inverter/Charger VICTRON 
ENERGY MULTIPLUS 5 kVA 48 
Vdc/230 Vac
2,00 2.989,00 € 5.978,00 €
PI03 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x25 + 25 mm2
30,00 22,40 € 672,00 €
PI04 General Automatic Switch SCHNEIDER 
ELECTRIC C120N 2x100A 
2,00 217,25 € 434,50 €
PI05 230 Vac Main Switchboard LEGRAND 
XL3 160
2,00 365,78 € 731,56 €
Total Power Inverters 8.547,62 €
7.3.2. Interconnections
Code Description Units Unit/Price Price
IN01 Isolator switch SCHNEIDER ELECTRIC 
INTERPACT INS250, 100 A
2,00 133,22 € 266,44 €
IN02 Isolator switch SCHNEIDER ELECTRIC 
INTERPACT INS80, 80 A
2,00 79,25 € 158,50 €
IN03 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x16 + 16 mm2
30,00 16,75 € 502,62 €
IN04 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x25 + 25 mm2
30,00 22,40 € 672,00 €
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Total Interconnections 1.599,56 €
7.3.3. Power rectifiers
Code Description Units Unit/Price Price
PR01 Rectifier/Battery Charger MASTERVOLT 
MASS 24/75 
1,00 1.875,00 € 1.875,00 €
PR02 2 positions selector switch SCHNEIDER 
ELECTRIC CM 18070 20 A
Connection with one of the electrical 
systems
1,00 15,92 € 15,92 €
Total Power Rectifiers 1.890,92 €
7.4. Passengers Room
Code Description Units Price/Unit Price
PR01 Passengers Room Switchboard 
LEGRAND XL3 160
2,00 365,78 € 731,56 €
PR02 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x63 A
2,00 187,00 € 374,00 €
PR03 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x4 A 
2,00 135,69 € 271,38 €
PR04 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x6 A 
2,00 80,67 € 161,34 €
PR05 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x1 A 
4,00 135,69 € 542,76 €
PR06 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x0,5 A 
2,00 151,84 € 303,68 €
PR07 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x16 + 16 mm2
10,00 16,75 € 167,54 €
PR08 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
122,00 3,43 € 418,95 €
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2x2,5 + 2,5 mm2
PR09 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x1,5 + 1,5 mm2
116,00 2,48 € 287,45 €
PR10 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
1x16 mm2
Ground and protection
10,00 7,33 € 73,26 €
PR11 Schuko sockets
Sockets holder with ground connection on 
the side. In one-phase systems, with 
ground connection (phase, neutral and 
ground), including gang box, universal 
instrument box with screws, socket holder 
type Schuko 10 – 16 A 
26,00 5,00 € 130,00 €
PR12 GLAMOX CASA 16 113F SI
Downlight 1x19 W, in Galv Steel. White 
trimring. IP22 . Light source TC-D 
1x13W. Ballast type High power factor 
correction.
24,00 497,00 € 11.928,00 €
PR13 GLAMOX E85-S
Surface mounted escape rout light or anti 
panic emergency light system based on 
LED. White painted aluminium with 
component plate in polycarbonate.
8,00 55,00 € 440,00 €
PR14 GLAMOX E80-S
Exit sign based on LED. White painted 
aluminium with component plate in 
polycarbonate.
2,00 1.193,00 € 2.386,00 €
Total Passengers Room: 18.215,92 €
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7.5. Entrance & Toilet
Code Description Units Unit/Price Price
ET01 Entrance & Toilet Switchboard 
LEGRAND XL3 160
2,00 365,78 € 731,56 €
ET02 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x40 A 
2,00 91,12 € 182,24 €
ET03 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x2 A 
2,00 135,69 € 271,38 €
ET04 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x1 A 
2,00 135,69 € 271,38 €
ET05 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x0,5 A 
7,00 151,84 € 1.062,88 €
ET06 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x10 A 
2,00 75,87 € 151,74 €
ET07 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x10 + 10 mm2
26,00 10,90 € 283,35 €
ET08 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x2,5 + 2,5 mm2
24,00 3,43 € 82,42 €
ET09 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x1,5 + 1,5 mm2
73,00 2,48 € 180,89 €
ET10 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
1x16 mm2
Ground and protection
10,00 7,33 € 73,26 €
ET11 Schuko sockets
Sockets holder with ground connection on 
the side. In one-phase systems, with 
ground connection (phase, neutral and 
6,00 5,00 € 30,00 €
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ground), including gang box, universal 
instrument box with screws, socket holder 
type Schuko 10 – 16 A 
ET12 GLAMOX CASA 16 113F SI
Downlight 1x19 W, in Galv Steel. White 
trimring. IP22 . Light source TC-D 
1x13W. Ballast type High power factor 
correction.
11,00 497,00 € 5.467,00 €
ET13 GLAMOX E85-S
Surface mounted escape rout light or anti 
panic emergency light system based on 
LED. White painted aluminium with 
component plate in polycarbonate.
7,00 55,00 € 385,00 €
ET14 GLAMOX E80-S
Exit sign based on LED. White painted 
aluminium with component plate in 
polycarbonate.
1,00 1.193,00 € 1.193,00 €
ET15 Extractor Fan (Toilet) FANTECH EN31 1,00 50,00 € 50,00 €
Total Entrance & Toilet: 10.416,10 €
7.6. Anteroom
Code Description Units 0,00 € Price
AR01 Anteroom Switchboard LEGRAND XL3 
160
2,00 365,78 € 731,56 €
AR02 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x32 A 
2,00 72,77 € 145,54 €
AR03 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x2 A 
2,00 135,69 € 271,38 €
AR04 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x1 A 
2,00 135,69 € 271,38 €
AR05 Circuit breaker SCHNEIDER ELECTRIC 2,00 151,84 € 303,68 €
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iC60N 2x0,5 A
AR06 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x10 + 10 mm2
14,00 10,90 € 152,57 €
AR07 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x2,5 + 2,5 mm2
16,00 3,43 € 54,94 €
AR08 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x1,5 + 1,5 mm2
49,00 2,48 € 121,42 €
AR09 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
1x16 mm2
Ground and protection
10,00 7,33 € 73,26 €
AR10 Schuko sockets
Sockets holder with ground connection on 
the side. In one-phase systems, with 
ground connection (phase, neutral and 
ground), including gang box, universal 
instrument box with screws, socket holder 
type Schuko 10 – 16 A 
4,00 5,00 € 20,00 €
AR11 GLAMOX CASA 16 113F SI
Downlight 1x19 W, in Galv Steel. White 
trimring. IP22 . Light source TC-D 
1x13W. Ballast type High power factor 
correction.
11,00 497,00 € 5.467,00 €
AR12 GLAMOX E85-S
Surface mounted escape rout light or anti 
panic emergency light system based on 
LED. White painted aluminium with 
component plate in polycarbonate.
5,00 55,00 € 275,00 €
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AR13 GLAMOX E80-S
Exit sign based on LED. White painted 
aluminium with component plate in 
polycarbonate.
2,00 1.193,00 € 2.386,00 €
Total Anteroom: 10.273,74 €
7.7. Bridge
Code Description Units 0,00 € Price
BR01 Bridge Switchboard LEGRAND XL3 160 2,00 365,78 € 731,56 €
BR02 Circuit breaker SCHNEIDER ELECTRIC 
c120N 2x80A
1,00 196,42 € 196,42 €
BR03 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x63 A 
1,00 187,00 € 187,00 €
BR04 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x2 A 
1,00 135,69 € 135,69 €
BR05 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x0,5 A 
2,00 151,84 € 303,68 €
BR06 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x20 A 
1,00 79,67 € 79,67 €
BR07 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x10 A 
1,00 75,87 € 75,87 €
BR08 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x16 A 
5,00 77,37 € 386,85 €
BR09 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x50 A 
4,00 201,10 € 804,40 €
BR10 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x16 + 16 mm2
10,00 16,75 € 167,54 €
BR11 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x25 + 25 mm2
10,00 22,40 € 224,00 €
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BR12 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x2,5 + 2,5 mm2
57,00 3,43 € 195,74 €
BR13 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x1,5 + 1,5 mm2
51,00 2,48 € 126,38 €
BR14 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x6 + 6 mm2
22,00 6,98 € 153,60 €
BR15 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x10 + 10 mm2
7,00 10,90 € 76,29 €
BR16 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
1x16 mm2
Ground and protection
10,00 7,33 € 73,26 €
BR17 Schuko sockets
Sockets holder with ground connection on 
the side. In one-phase systems, with 
ground connection (phase, neutral and 
ground), including gang box, universal 
instrument box with screws, socket holder 
type Schuko 10 – 16 A 
2,00 5,00 € 10,00 €
BR18 GLAMOX i70-1200 LED 4500 DALI 840
LED 1x50 W
1,00 300,00 € 300,00 €
BR19 GLAMOX E85-S
Surface mounted escape rout light or anti 
panic emergency light system based on 
LED. White painted aluminium with 
component plate in polycarbonate.
2,00 55,00 € 110,00 €
BR20 GLAMOX E80-S 1,00 1.193,00 € 1.193,00 €
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Exit sign based on LED. White painted 
aluminium with component plate in 
polycarbonate.
BR21 GLAMOX JET 7
Exterior lighting. Jet 7 body sym 
hammered reflector black
7,00 2.012,00 € 14.084,00 €
BR22 Windlass anchor MAXWELL MARINE 
RC10
1,00 2.058,71 € 2.058,71 €
Total Bridge: 21.673,66 €
7.8. Engine Rooms & Electrical Compartments
Code Description Units 0,00 € Price
EE01 Anteroom Bridge LEGRAND XL3 160 2,00 365,78 € 731,56 €
EE02 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x40 A 
2,00 91,12 € 182,24 €
EE03 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x4 A 
6,00 135,69 € 814,14 €
EE04 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x2A 
2,00 135,69 € 271,38 €
EE05 Circuit breaker SCHNEIDER ELECTRIC 
iC60N 2x0,5 A 
4,00 151,84 € 607,36 €
EE06 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x10 + 10 mm2
6,00 10,90 € 65,39 €
EE07 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x2,5 + 2,5 mm2
42,00 3,43 € 144,23 €
EE08 Conductor GENERAL CABLE 
EXZHELLENT – MAR RDT 0,6/1 kV 
2x1,5 + 1,5 mm2
210,00 2,48 € 520,38 €
EE09 Conductor GENERAL CABLE 10,00 7,33 € 73,26 €
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Sockets holder with ground connection on 
the side. In one-phase systems, with 
ground connection (phase, neutral and 
ground), including gang box, universal 
instrument box with screws, socket holder 
type Schuko 10 – 16 A 
8,00 5,00 € 40,00 €
EE11 GLAMOX i70-1200 LED 4500 DALI 840
LED 1x50 W
10,00 300,00 € 3.000,00 €
EE12 GLAMOX E85-S
Surface mounted escape rout light or anti 
panic emergency light system based on 
LED. White painted aluminium with 
component plate in polycarbonate.
12,00 55,00 € 660,00 €
EE13 Bilge pump VIGILEX SS 4,00 200,00 € 800,00 €
EE14 Extractor Fan NEOLINEO-100-Q 4,00 100,00 € 400,00 €
Total Engine Rooms & Electrical 
Compartments
8.309,94 €
7.9. Basic Health and Safety Study
Code Description Units 0,00 € Price
HS01 Basic Health and Safety Study
The Basic Health and Safety Study will 
have 1% of the total costs of the project
1,00 2.079,61 € 2.079,61 €
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7.10. Total Budget
Section Description Price Percentage
7.1 Batteries 83.569,10 € 37,69%
7.2 Motors 54.999,16 € 24,81%
7.3.1 Distribution: Power inverters 8.547,62 € 3,86%
7.3.2 Distribution: Interconnections 1.599,96 € 0,72%
7.3.3 Distribution: Power rectifiers 1.890,92 € 0,85%
7.4 Passengers Room 18.215,92 € 8,22%
7.5 Entrance & Toilet 10.416,10 € 4,70%
7.6 Anteroom 10.273,74 € 4,63%
7.7 Bridge 21.673,66 € 9,78%
7.8 Engine Rooms & Electrical 
Compartments
8.309,94 € 3,75%
7.9 Basic Health and Safety Study 2.216,55 € 1,00%
Total 221.712,67 €
Material implementation budget
13,00% Material costs 28.822,59 €
6,00% Industrial profit 13.302,74 €
30% Labour 66.513,68 €
Total 330.351,68 €
Bidding budget 
21,00% Value-added tax (VAT) 69.373,76 €
TOTAL 399.725,44 €
The total Budget reaches a value of 399725,44 € (THREE HUNDRED NINETY
NINE THOUSAND SEVEN HUNDRED TWENTY FIVE point FORTY FOUR euros).
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